KPMBOJiyUKAfl Haae>Kfla AjieKcaH/ipoBHa 

3BOJlK)UMfl TPAnnOBOrO MATMATM3MA M Pt-Cu-Ni 
PY/100BPA30BAHME B HOPHJlbCKOM PAMOHE 



BBEjJEHHE. IlocTaHOBKa npoGjieivibi n aicryajibHOCTb npoBOjiHMbix 
HCCJie/lOBaHHH 

ripOOJieMa (J)0p\lHpOB3HH$1 KpyriHblX H yHHKaJIbHbIX MeCTOpOXCfleHHH Ha 3eMJie HBJIfleTCfl 
ootoh H3 Beziymwx b reojiorHH b noc.ie^HHe ro^bi. 3to onpe^ejiaeTca. b nepBvio onepe^b, 
Ba>KHeHineH OKOHOMHnecKOH pojibK) \!ecTopo>K^eHHH-rHraHTOB: cocTaB.iHH \ieHee 5 % OTOoiuero 
KOJiHMecTBa pa3paoaTbiBae\ibix b MHpe MecTopoacieHHH. ohh na 85 % yaoB.ieTBopHior ivinpoByio 
nOTpc6lIOCTb B Cbipbe. Il03T0\iy OTpaOOTKa HMeHHO TaKHX MeCTOpOyK^eHHH JOJI>KHa JICHb B OCHOBy 
KOimeriUHH yCTOHHHBOrO pa3BHTHH UHBHJlH3aLIHH (PyH^KBHCT. KpaBHCHKO, 1996). BrapblM 
BaacHbiM acncKTOM npw paccMOTpennH cyncpKpynHbix MCCTopoK^eHHH ABJiaioTCfl npoojicMbi hx 
reiiesnca, nocKOJibKy no cym ohh npe^CTaBJiaiOT coGoh rwraHTCKwe reoxHMHHecKHe anoMajiHH b 
3eMHOH Kope (iianpuMep, KoimeiiTpauHH njiaTHHOBbix MeTamiOB b nopnjibCKHx pyaax BOipacTaioT 
na 6-7 nopH/iKOB no cpaBiieiiHio c hx KjiapKOBbivin 3iiaHeHHHMH). 

Bonpoc o MexaHH3\ic Bbnioca rjioSaibHbix koh ucHTpaiiHH pynHoro BcmecTBa H3 rjiyGnu 
3cmjih h AOJibHeHinero ero KOHiiempHpoBaHHH b BH;xe cyncpKpyimbix mccto po>KAC hhh 
o6cy>K;iaerc« na iipor«>KeHHH noc.ne.miHX ^ecHTHjieiHH (PhGhhkob. 1997) h ;io chx nop Bbi3biBaeT 
OHCHBJiemibie AHCKyCCHH. PjiaBllblM OCTaeTCH Bonpoc: GblJIH J1H C(|)OpMH|X)Bailbl MecropO>K;ieHH«- 
rnraHTbi b pejyjibTaTe p*moBbix reojiornMecKHX npoueccoB hjih ohh o6pa30Baiibi b ocoGbix, 
ciicuh(|)hmcckhx ycjiOBnax (Obmhhhhkob. 1988; Korapxo, 1999; MapaKymcB, 1988; Rundkvist, 
Kravchenko, 2001; PyujrKBHcr. 1996; Pushkarev, 1999. Hajuiperr. 2003 h jip.)? 3ra npoGjieivia 
pacc.MarpHBajiacb Ha 3ace;ianH*ix MoK^yHapo^Hon AcconnaiiHH no feHC3Hcy Py/uibix 
Meciopo>K,ieHHH (IAGOD - 1999, 2001, 2004, 2008), CHMii03HyMax no cyiiepKpyinibiM h 
KpyriHbiM MecTopo/KACHHHM (Adelaida. 2010). MoitayHapomioH MHHepajiornnecKOH accounanHH 
(IMA -2000), h Gonee mcjikhx coBcmaHHMX (CaHKr-ncrepoypr, 1996; MocKBa, 2000). 3ron tcmc 
6biJi nocBameH cncuHajibHbiH npocKT Me>KayHapo^HOH nporpaMMbi rcojiorHMecKOH KoppejinnHH 
Xo 354 (1995-1999 rr.). 

Jinn OH^orenubix \iecTopo>K^eHHH b cBeTe peuieiiHfl cannon npoojieMbi ocoGoe 3HaneHHe 
iipHoGperaer npnpo^a hx cb«3h c MarMaTH3MOM, rjivGHHHa« cyrb KOTopon ocraeTca .no KOHua 
HCpaCKpbITOH. Jl a>KC ZU15I pC^KOMCTaJlbHblX MCCTOpO/K^eHHH GbIJIO yGc^HTCJIbHO nOKa3aHO, HTO OHH 

c (|)0 pM h poBaji h cb H3 ocoGoro THiia \iar\i, xoth b uenoM pojib Mai MaTH3Nia ne npeBbimajia 25 %.ot 
oGuien cyMMbi reojiornMecKHX (J)aKTopoB - cTpyKTypHbix. jiHTOjiornHecKHx h T.n. (KoBajienKO h 
np., 1992; 1993, 2000). JlorHHHO GbiJio Gbi npennono>KHTb. mto nna cooctbchho m arM3 th nee khx 

MCCTOpO>KZieHHH, B KOTOpbIX py^bl flBJIJHOTCfl COCTaBHOH HaCTbK) VJlbTpaGa3HT-6a3HTOBbIX 
KOMiuieKCOB, 3 tot HOKa3aTe.3b nojDKeH GbiTb cymecTBeHHo Bbime, BnnoTb no o6pa30BaHHH b 
npnpone ocoGbix pynonocnbix \iar\i. TeM Gojiee. hto npHimnnHajibiio TaKan B03MO>KnocTb 



H3BecTHa Ha npHMepe o6pa3oBanna BbicoKoaceaesncTbix pacnaaBOB Bya Kana 3ab-JIaKO (Hhjih), 
pyanbix pacnaaBOB b boctohhoh HacTH THXoro oxeana (xpeoeT XyaH- ae-Oyica. TKMoanK, 2002). 

KpynHbiM Pt-Cu-Ni m ecropoa<ae hham. aoKaaH30BaHHbiM b npeaeaax paccaoennbix 
nayTOHOB Han HeSoabuinx HHTpy3HBHbix rea, nocBameHO orpoMHoe KoaHHecTBO pa6oT (Campbell 
et al.,1983; Naldrett. 1992, 2005, 2009; Naldrett. et al.. 1992, 1995; 1996; Barnes & Maier, 2002 
Barnes et al., 2006; roaaeBCKHH, JlHxaHeB. 1983, 1987; TenKHn h ap.,1981; JfycTaep h ap., 1988 
/(oaHH h ap.. 19711 ; 2002; 2011; ,Z(k»khkob h ap., 1988; Hajiaperr, 2003; JTHxaneB, 1996 1.2,1997 
2006; FopoynoB h ap., 2011 h MHorrie apyrne). OaHaKo anaMmeabiiaa hx nacTb xacaerca 
MeTaaaorcHHMecKHx nocTpoeHHH: ot aHaaH3a raooaabHbix 3aKOHOMcpHocTen pa3MemcHHa Ha 
naaiiere ao paccMorpenna aoKaabHbix reoaoro-crpyicrypHbix ycaoBHH b npeaeaax pyaHbix noaefi 
(Luznichka, 1983; Kutina. 1985, 2001; Lu Guxian. yin Jicai, 1995; Rundkvist,; 2001) b to b peMH 
Kax ray6HHHOH cyan cbhth MamaTH3Ma c pyaoo6pa30BanHeM. yaeaaerca 3iia i mreabno MeHbiue 
BiiMMannH (Naldrett.; 2005, 2009, Lightfoot & Keays. 1995; MapaKymeB h ap.. 1988; JlHxa'ieB, 
1965, 1977,1978. 1982.1996,. 1997. 2006). 

Cpcan MecTopoacacHHH aaHHoro xaacca cymecTByeT aBa raaBHbix Tnna. Kax ripaBHJio, 
pajoSmemibie b npnpoanbix o6i.eKiax: cymecTBeiiHO naaTHHOBbie b Kpyrmbix paccaoermbix 
nayronax (EyuiBeaba, BeaHKaa /laiiKa. CrHaayoTep h ap.) h cyabcjmanbie Meano-iiHKeaeBbie 
(Caa6epn, Bohchc Boh. /()KHHMyaHb, flyayr, JIaK-ae3-Mab). /Jan Kaacaoro H3 hhx npo6ae\ia cbhth 
opyaeHenHH c MarMaTH3MOM peinaeTca no-CBoeMy. Meway TeM, Ha 3eMae OTKpbiTbi 
m ecro poa<ae h h a, b KOTopbix coBMeuteHbi 06a THria pya b ripeaeaax eaHHoro HHrpy3HBnoro Teaa - 
Maaocyab<|)HaHbiH naaTHHOBbifi h cyab(j)HanbiH Meano-nnKeaeBbiH, ra trace oGorameHHbiit 
3aeMeHT3MH naaTHHOBoii rpynnbi, - aro MecTopowaenHa HopnabCKoro panona. Ohh 
npHHUHnHaabHO OTHHHaioTca ot ocTajibiibix MarMaTHnecKHX MecTopowaeiiHH cbohm Goaee 
MoaoabiM B03pacTOM (T| no cpaBHeHHK) c PR aaa SoabniHHCTBa aHaaornHHbix o 6 t>cktob) h 
I ipHypOMeHHOCTbK) K MajlOMOIltHblM HHTpy3HB3M B OTaHHHe OT oSbIHHOH aCCOUHaUHH 
MecTopo>KaeHHH jToro THna c KpynHbiMH paccaoeHHbiMH nayroHaMH. 

HopHabCKHH paiion pacnoaaraeTca na ceBepe Chohpckoh TpannoBOH npoBHimnn, hto 
B biaBnraeT Ha nepBoe MecTO Bonpoc o rcHCTHMecKOH cBa3H MecropoKaenHH c ByaKaHH3MOM. Oh 
BKJHOHaer MHoroHHcaeHHbie hHT py3 Hbh bie oopaaoBaniia. pyaoHOCHOCTb Koropbix BapbHpyeT b 
uinpoKHx npeaeaax: ot 6e3pyaHbix \iaccnBOB ao coaepacauinx yHHKaabHbie no 3anacaM 
MecTopo>KaeiiHa. oanaxo Bonpoc o npnHnnax pyaoHoenocTH H36paiiHbix MaccHBOB cpean 
orpoMHoro hx KoannecTBa ao chx nop He noayHHa OKomiareabHoro peuieHHa, HecMOTpa Ha 
mho roaeTHHe HecaeaoBaHHa b ttom HanpaBaeHHH. flaHHaa reoaornnecKaa cHTyaqna craBHi 
HopnabCKHH patio h b HCKaiOHHTeabHoe noao/Kenne npn peuieunn mhothx BonpocoB oOpajoBaima 




pya, nocKOJibKy no3BonaeT conocTaBJiaxb pa3JiHHHbie ocoGemiocTH CTpoenna HiirpyxHBOB. 
orjiHHaioinHxcM no pv;iHO\iy noTeHnnajiy. Hmchho noaTOMy oh 6uji Bbi6paH HaMH b xanecTBe 
nepBoo'iepeanoro oobeKra ana yciaHOBneHna B03M0>KHbix CBasen Meacay MarM3TH3MOM h 
pyaoo6pa30BaHHeM. MccnenoBaHna b 3tom nanpaBjiCHHn Taoce 6binH BbinonHCHbi ana apyrnx 
Baa<iieHLUHX MenHO-HHKeneBbix pafioHOB Pocchhh - CeBepHoro 3a6aHKanba. Kapeno-KonbCKoro 
pernoHa h Boctohhoto CaaHa. 

HecMorpa na to, hto MenHo-HHKeneBbie pyabi b HopmibcicoM paiione pa3BeabiBanncb c 
Hanana aeaauaTbix roaoB npouuioro Bexa (Cothhkob. 1919; KoTynbcxnn, 1946; PoroBep, 1959; 
r oaneBCKHH. 1959; KopoBaxoB, 1963), a hx nepepaGorxa ooecnesHna crpaHy CTpaTerHnecKH 
Ba>KHbiM MeTannoM b ra>xenoe BoeHHoe BpeMa (nepBbin HHxenb 6bin nonynen na HopnnbCKOM 
KOMGmiare b 1942 r.). no Tonbico orxpbi rue TaaHaxcKoro h OxTa6pi>cxoro MecTopoacaeHHft c 
yHHKanbHbiMH cnnouiHbiMH 3ajiea<aMn cynb(|)HaHbix pya c bucokhmh coaepacaHHaMH 31 If b 
Hananc 60-bix roaoB BbiBeno Pocchio b pan nwaepoB .vinpoBOH nnaTHHOBOH h HHxeneBofi 
npoMbiuinen hocth (EropoB, CyxanoBa, 1963; EaTyeB h ap., 1966; BaryeB, 1972: Bayawn JI.J1., 
CyxanoBa E.H., 1970; KpaBiioB h ap.. 2003). B nacroamHfi momcht ona 3aHHMaer oaHOBpeMeHno 
BTopoe MecTO no 3anacaM h aoGbine nnaTHHOBbix MeiannoB h iiHKenio b MHpe nocne ByniBenbaa 
(IOAP), h Caa6epH (KaHaaa) cootbctctbchho (Manaperr, 2003. Naldrett. 2005). B 2008 r. aona 
H3Bne i iemioro H3 nopnnbcxnx MecTopo-yxaeHHii HHxena cocraBHna 17 % ot oGmen MHpoBoii 
roaoBon ao6bi‘m (ocTanbHbic cTpaHbi aann hc 6 ojiee 10% xawaaa), H3 tthx >kc pya nonyneno 
30%OTo6meMHpoBoro npoimoacTBa 3nr (SoxanoBa. Kbnmia. 2009; /loaHH h ap.. 2011). 

OOHapyaceHHe hoboto Tnna pya He TonbKO H3MeHHno CHTyanwio Ha mhpobom cbipbeBOM 
pbiiiKe, no h npHiinHrmajibiio cxasanocb na pajBHTHH xeopnn MarMarnHecxoro pyaooGpaiOBaiina. 
Bo3HHKaH BiDKHblC BOnpOCbi: K3KHM OOpa30M 3TH MeCTOpO>XaeHHa CBa3aHbI C ByaK3HH3MOM H 
aBjiaiorca hh ohh 3axoHO \ep h>im htotom ero p 3BHTHa? EcnH aa, to momcho jih o >inaarb 
oTKpbiTHe noao6Hbix yHHxanbHbix oSbexTOB h b apyrwx TpannoBbix npoBHHHHax Mnpa? 

OTBeTbi Ha nocraBJieHHbie Bonpocbi HMeior orpOMHoe npaxiHHecxoe 3HaneHne, nocxojibxy 
ycTanoBaeHHe reHeranecKOH cbbth HopnabCKnx MecTopoaraeHHH c TpannoBbiM ByaxaHH3MOM 
OTKpbiBaer Gonbiime riepcnexrHBbi o6Hapy>xeHna iioao6Hbix oSbexTOB b apyrHx BMF1. B CBa3H c 
orpoMHbiM oKonoMHHecKHM 3na'ieiineM BHOBb oTKpbiTbix nopnabCKHx MecTopoacaeHHH HHTepec 
reonoroB Bcero Mwpa pe$xo Boxpoc k tthm oobexravi bo BTopon nonoBHHe XX b. PaGoi bi no 
oneHKe TpannoBbix npoBHHmin c yneTOM aaHHbix. nonyneHHbix Ha npnMepe HopnabCKnx 
MecTopoacaeHHH. nonynH.TH CBoe pa3BHTne 3a pyoeacoM (Keays & Lightfoot. 2007. 2010; Ripley et 
al.. 2010). 



B HacToauiHH MOMeHT npeaaaraioTca pa3Hbie Moaean o6pa30BaHHa HopnabCKnx 
MecTopoacneHHH, nojpa'iVMeBaiouiHe hx MarxiaTHHecKHH, MeTacoMaTHHecKHH h up. rene'SHC. Ohh 
o6pa3yiOT paa, KpaHHHMH uieHaMH KOToporo aBaaiorca npeacxaBaenHa o peinaiomeH pojiH b 
npHBHOce h oTHO/KeiiHH MexajuiOB Mar\iaTHHecKoro pacnaaBa c oanoH cropoiibi (IoaaeBCKHH. 
1959, KopoBAKOB h ap.,1963: JlHxaweB. 1982: ^kt/khkob h ap. 1988: Naldrett. 1992, Lightfoot et 
al., 1993) h (JjjnoH/iHbiMH KOMnonenTaMH - c apyroil (3oaoTyxHH,1997; 3otob, 1979, 1989 ). 
KoHuenuHH nepBoro THria cyuiecxBeHHO OTanwaiOTca Meway co 6 oii no OTHomeHHK) k poan ion 
MarMaTHMecKon cucTeMbi, b nponyicrax koto poll aoKaaH30Banbi pyaw. Maori, uccaeaoBareaeH 
npnaacT cn pcmaiomce 3HaMeHne, npcanoaaraa BHeapeHHe caMocToaTeabHon nopunn ncxoaHoro 
riHKpHTOBoro pacnaaBa, o 6 oramenHoro aeTyHHMH n pyaHbiMH KOMnoHCHTBMH (roaJiCBCKHH, 1959; 
3oaoTyxHH h ap., 1986; JlnxaneB, 1978; 2006: TeHKHH h ap., 1981; /Jiokhkob h ap., 1988; 
^Hcraep h ap., 1988, 3otob, 1989: PaooB h ap., 2000). /Ipyrne aBTopbi noaaraior, hto cocraB 
MarM h hx (J)aioHaoHacbimeHHocTb He HMeaH ocoooro 3naneHHa npH (J)opMHpoBaHHH pya, 
nocKoabKy hh rpy3HBbi aBaaancb annib nacrbio o 6 ineii TpannoBofi CHcreMbi. OcHOBHyio poab b 
o6pa30BaHHH pya b 3tom caynae Hrpaaa aaHTeabHOCTb ripoTCKaHHa pacnaaBa k noBcpxHOCTH h 
ero B3aHMoaeficrBHe c BMemaioutHMH nopoaaMH (PaabKO, 1991; Naldrett, 1992, 2009; 
Ilowkesworth et al.. 1995; Arndt et al.. 2003. HaaapeTT. 2003). Tbkhm o6pa30M, npHiiiiHiiHaabnaa 
pa3iiHita Meacay aaHHbiMH TeopnaMH 3aKaio i iaeTca b npeanoaoaceHHH 06 oopa30BanHe pya an 6 o b 
jaKpbiTon, aw 6 o b OTKpbiTOH MarMaTHMecKon CHCTeMax. 

riocaeaHaa rHnoTe3a noayHHaa mHpoKoe pacnpocTpaHeHne: aaHHaa Moaeab o6pa30BaHHa 
Meano-iiHKeaeBbix pya (c onpeaeaenubiMH BapnannaMH. onpeaeaaioutHMHca reoaoiHMecKHMH 
ocoSeHHOCTHMH CTpoerma OTaeabHbix oobeicroB) npeanoaaraeTca aaa KpynneHuiHx MeaHo- 
iiHKeaeBbix MecTopowaeiiHH: /^/KHiibHyaiib (KHTan). Bohchc Boh (Kanaaa) h ap. Oanaxo 
HecMOTpa Ha ee npnBaeKaTeabHocTb (npeaaaraiomeH koh KpeTHbi h MexaHH3M KOHueHTpHpoBaHHa 
riaaxHHOHaoB b cyab(|)Haax), OHa HMeer mhoto HeaocTaxKOB. K hhm oxhochtca, b nepByio 
onepeab. OTcyTCTBne aamibix o cocTaBax pacnaaBax h aoKa3aTeabCTB cb»3H HHTpy3HBHbix h 
3(|x|)y3HBHbix o6pa30BaiiHH b HopnabCKOM pafione 

Co3aaHHe peaabHon \ioaean o6pa30Baima MecTopoacacHHH aBaaeTca KpafiHe Ba>i<iibiM 
(JtaKxopoM b ycneiuHOM npoBeaeHHH noHCKOBbix paoox b HopnjibCKOM panone. B iiacxoamHH 
MOMeHT 3to npHo6peTaeT oco6oe ma'ienne. nocKoabKy' 3a npomeauiHe rioac roaerHa yHHKaabHbie 
3aae>KH MaccHBHbix pya npaKTHHecKH OTpa6oTaiibi. h ocTpo BCTaa Bonpoc o neooxoanMOCTH 
pacuinpeHna cbipbeBOH 6a3bi naaTHHOBbix MeTaaaoB h HHKeaa b Pocchh, htoSw He noTepaTb 
ananpyioinHe no3HHHH b 3toh oGaacTH Ha Mnp bo m p n*e. MHTeHCH(j)HKanHa 
reoaoropa3BeaoHiibix paooT no oonapy/Keinno ooi axbix pya b HopnabCKOM panone rpeoyer hobux 



MeTonHHecKHx noAxoAOB h HayHHoro ooocnoBaiiHfl. nocKOJibKy npnxoAHTCfl oueHHBaxb 
HHipy3HBHbie Tena, 3ajieraioiiiHe Ha oonbuion rjiyGmie h BCKpbiBacMbie eaHHHHHbiMH 
c kb a>K hh a mh. B TaKHx ycnoBHHX ocoooe 3HaneHHe npno6peTaioT coBpeMeHHbie MHnepanoro- 
rCOXHMHHCCKHe MeTOabl OlieHKH yjIbTpaoa3HT-6a3HTOBbIX HHTPV3HBOB. BbinOJIHaeMbie Ha OCHOBC 
reopeTHHecKHx nocTpoeHHH (|)op\iHpo Banna m ecTopOKiie h h h hmchho 3Toro THna. Or penieHHH 
npooneM reHe3Hca HopHJibCKHX m ecTOpo>Kaen hh 33bhcht h ycneujHoe npoBe^enne noHCKOBbix 
paooT b apyrwx rpannoBbix npoBHimnax \inpa. 

I jiaiuiasi uejib paooi i>i - 

yroHHHTb 3aKOHOMepnocTH pajBHTHH TpannoBoro MamaTH3Ma b HopHjibCKOM panone h 
onpeaeuHTb mccto b hcm pyAoo6pa3yiomero npouecca. onnpaacb na oojibinon o6beM HOBbix 
reojiorHHecKHX h nperiH3HOHHbix reox hmh L iec kh x AaHHbix no bvjiK an hmcckhm h HHTpy3HBHbiM 
riopo;iaM. 

ia;ia ( iii nccjicvioBaiimi BKjnonajiH: 

I. Onpe^eaeime B3aHMOOTHOiiienHH pyAonociibix HiiTpy3HBOB c jiaBaMH. ripeAnojiaraiomee: a) 
ACTaabHoc H3y i ieHHC cTpoenna T><|)o-aaBOBOH toaihh h ee reoxnM hhcckhx ocoGchhoctch b 
pa3Hbix reKTOHHHecKHX CTpyKTypax panona aah yeranoBAenHa 3boaioiihh pa3BHTHa ByjiKaHH3Ma 
b npocTpaHCTBe h bo BpcMCHH; 6) BbiAeaenne ocuoBHbix reoxHMHHCCKHX thiiob yabrpa6a3HT- 
6a3HTOBbix HiirpyjHBOB pa3non CTenenH pyaoiiociiocTH; c) conoeraBaeime reoxHMHnecKHx 
ocoGchhoctch aaB h HiiTpyiHBOB, o6pa30BaHHbix Ha oahhx h Tex ace 3Tanax pa3BHTHa TpannoBOH 
MarMaTHMCCKOH CHCTeMbl. 

II. Onpeaeaeime cocraBOB hcxoahmx Mam: 1) c noMombio H3yHenHa pacnjiaBHbix BKaioHeunn b 
ojiHBHHax n impoKcenax: 2) mctoaom reoxnMHHecKon TepMOMerpun c iiomoiumo OBM-moacah 
«KOMAIMAT». 

III. ConOCTaBJlCHHC XHMHMCCKOrO H MHHCpaJlbHOrO COCTaBOB py A pa3HbIX MCCTOpO>KACHHH c 
cocraBOM BMemaiomnx hx HHTpy3HBHbix nopoA. 

IV. BbiHCHeHne Macnna6oB nponeccoB accuMHaannn BMeuiaioinHx nopoA 6a3HTOBbiMH 
pacnaaBaMH na ypoBHe HiiTpyiUBiibix KaMep h hx poan b pyAoo6pa30BanHH. 

IV.CpaBHHTeabHbiH aHaiH3 MHHepaaoro-reoxHMHHCCKHX ocoochhoctch HHTpy3HBOB HopnabCKoro 
KOMiuiexca c pyaoiiocHbiMH MaccHBaMH Apyrnx panonoB Pocenn (CeaepHoro 3a6aHKaai>a, 
Kapeao-KoabCKoro pernoHa, BocTOHHoro CaaHa). 

<I>aKTHMecKiiii MaTepiiaji 

pemeHHH nocTaB.ieHHOH npooaeMbi pernoHaabHbie reoaoro-CTpyKTypHbie HccaeAOBaHHa 
rpannoBbix nopoA coneTaancb c hx AeTaabHbivi aHaanTHnecKHM H3yneHHeM (onpeAeaeHHe 



BanoBoro cocxaBa nopo/i h MHKpoaHajiH3 MHnepaibHbix (j)a3, b tom HHCJie MarMaTHHecKnx 
BKJIIOHCHHH b hhx). 

PaGoTa ocHOBbiBaeTCH na MiiorojieTHeM (1982-2011 rr.) H3yneHHH aBTOpoM reojiorHHecKoro 
CTpOCHHH, neTporpacj)HH. reOXHMHH H MHHepaJlOrHH njiaTHHO-MCJIHO-HHKeJICBblX MCCTOpOyKJIGHHH 
pa3J!HHHbIX pei HOHOB POCCHH. TjiaBHblM 06 l>eKT 0 M HCCJie^OBaHHfl CTaJl HopHJIbCKHH paHOH, rvie 
aBTopoM 6biJi coGpan KaMeinibin MaTepnan b xoae nojieBbix paooT b 1997 - 201 lrr. (cociaBJieHO 
11 KM AeTcUIbHblX pa3pe30B ByjlKailHTOB H 13 KM pa3pe30B HHTpy3HBHbIX IIOpOJl no KOpeHHbIM 
o6Ha>KeHHHM h cKBa‘A'HHaM). PbyneHHe MaccHBOB CeBepHoro 3a6anKajib5i (Mhhchckhh, 
JlyKTvpcKHH) ocymecTB^HJiocb b 1982-1986 n 1993 rr., KnHraniCKoro MaccHBa (BocTOHHbie 
Caniibi) - bo BpeMH nojieBOH OKCKypcnn 2000 r. MacTb oopasuoB juih upoBe^eima cpaBHHTejibHbix 
nccjie/ioBaHMH no yjibTpa6a3HT-6a3HTOBbiM KOMnjieKcaM npe^ocraBjiena aBTOpy b paMKax 
^oroBopnbix paGoT B.ll. MaMOHTOBbiM, K3.H. KncejieBbiM. F.P. JloMaeBon (IO)KHO-KoB,aopcKa5i 
njiomajib h KnHramcKH h pyaHbiH panoH). 

B KaMepajibHbiH nepnoji anajiHTHnecKne paGoibi BKjnonajiH (HpnjioAenne 1): 1. 

Penrmeno(f)jiyopeciienmnbiu anann - 780 aHajunoB FEOXM PAH. aHajimuKH H.A. Poiunna, 
T.B. PoMainoBa, 208 ananH30B - MHHP CO PAH, anajiHTHK H.C. BajiyeB . 2. Memod wtdyKmuGiio- 
CGH3amtoi numtbi: 1) ICP-MS - 480 anajiH30B nopoji - MMFP3. anain rHK /J.3. TKypaBjiCB; M3M 
PAH, aHajiHTHK B.K. KapaH/iameB; 2) FA-ICP-MS - 650 aHajiH30B ctckoji nopo/i, 470 - 
nnpoKcenoB, 1580 ojihbhhob., FepMaHna, r. MafiHu, anajinTHKn H.A. KpiiBOJiyuKaH, /(.B. 
Ky3bMnn; 3. 3jieKmpowtO‘3oudoGbiu MUkpoancmn («Cameca»SX 50 n I00-FEOXH PAH, 
MocKBa - anajiHTHK H.H.KononKOBa; JXA 8200 - Hhctht>t Xhmhh hm. Maxca HjiaiiKa. r. 
Manna, anajinTHKn H.A.KpHBOJiyaKaa, J \. B. KyibMHH) - 12 150 aHainiOB ojihbhhob, 8 100 
nnpoKcenoB. 1350 njiarnoKJia30B, 310 uinnuejin^oB. 560 - cyjib(j)naHbix MnnepajioB, 85 anajiH30B 
MHnepajioB 3Iir, 680 creKOji; 4. Honno-30ndoGbiu MunpoauciJim («Cameca» ims-4f- HMH PAH, 
JIpocaaBJib, anajinTHKn C.F.CnMaKHii. E.B. IIoranoB) - 175 paciuiaBiibix BKJiioHenHH n 210 
ojihbhhob; 5. PauaHoacKcm cneKmpocKonm (OpaHuna. r. llaHcn, anajiHTHK )K.,Ke6ioccH) - 12 
anajiH30B (|)JiioHanbix BKJiioHenHH; 6. Mcc.iedoeanue cmaOuibHbix u3omonoe g nopodax (O, //, C, 
S) - 145 aHanH30B, THH PAH. aHajiHTHK B.T. noKpoBCKHii h HHHFPH, aHajiHTHK C.T. KpaaceB; 7. 
MccjiedoGGHue paduoeeHHbix inomonoG g nopodax (Sr. Pb. Sm-Nd, U-Pb) 
BllHHOKeaHreojiorHH, aHajiHTHK B.B. Ecjuhikhh - 55 aHajirnoB: TEOXH PAH. aHajiHTHK A. A. 
HjienoBa - 18 aHajiH30B, Mhcthtvt Xhmhh hm. MaKca FLiaHKa - aHajiHTHK 3.d>eKnacoBa - 15 
aHajiH30B; 8 . Onpedejienue 311 r u An g nopodax u pydax : A) 78 aHajiH30B - HHCTHTyT 
py;joo6pa30BaHHH, MHnepanornn h reoxHMHH HAHY (npoGnpHbiH mctoa, anajiHTHK A.A. IOhjhh), 



B) -32 aHamm, TEOXH PAH. aroMHO-aocoponHOHHbiH wctojx , aHaiHTHKH M.B. KyopaKOBa. O. 
A.Tiotiohhk, A.^. HxeTHa). 

3KCiiepHMemajibHbie Hec.TeaoBanHH no roMorenH3auHH pacnjiaBHbix BKjnonenHH 
npoBOjuuiHCb b \iy(j)ejie (MEEM PAH) h KaMepe CHCTeMbi CbooneBa-CjiyuKoro (EEOXH PAH), 
160 3Kcnepn\ieHTOB, H.A. KpnBOJivuKaa. a Taioice b nenn c peryjinpyeMOH (|)yrnTHBHOCTbK) 
KHCJiopo.ua (EEOXH PAH) - A. A. KaprajibneB. M.B. Bojiobcukhh, H.M. CBHpcKaa. 
KoxuibiOTepHoe MOiiejinpoBanHe KpHcrauiH3auHH oa3aibroBbix Mar\i ocyinecTBjnuiocb c 
noMombio 3BM-MO^e.iH «KOMAEMAT-3.5» h «IIETPOJIOE-2.0»). OraTHCTHHecKaa o6pa6oTKa 
iianubix BbinonHaiacb aBTopo.vi no nporpaMMaM «CTaTHCTHKa» h «neTpoTHn»). 

Hay'iiian iioBimia 

l.HopnjibCKMH panoH, Ba3aibTbi: 

1. BnepBbie yc'ranoBjienbi cyuiecTBemibie Bapnaunn b crpoeimn h cocraBe ry/iHHXHiicKOH cbhtw 
( rJiaBHbIC, pCJIKHC H JieTyMHC KOMnOHCHTbl) - npHMHTHBHbIX Ha BOCTOKC TCppHTOpHH H 
KOHTaMHHHpoBaHHbix - Ha 3ana;ie, hto naxo;iHT orpaweHne b cocraBe nopoa n pacnjiaBHbix 

BKJHOHCHHH B OJIHBHHaX. 

2. BnepBbie ;ierajibiio H3yneno crpoenne n reoxHMHHecKne ocoSennocm nopo/j xaKannancKOH 
CBHTbl B pa3HbIX TeKTOHHMeCKHX CTpVKTVpaX paHOIia. YCTaHOBJienO, HTO BKJlIOHaBUIHeCH B ee 
COCTaB TOJieHTOBbie H I10HKHJ100(|)HT0BbIC Oa3aJlbTbI OTHOCflTCH K TyKJlOHCKOH CBHTC, a Tyc|)bl H 
ry(|)(|)HTbi o6jia^aioT reoxHMHHecKHMH xapaKrepncTHKaMH na^oK^nncKOH CBHTbi. 

3. ripoBe/ieHnoe b pa3Hbix Hacrax parioHa zieraibHoe myneHne tojichtobbix 6a3anbTOB 
xaKamiancKOH, na/ie>K;iHncKOH h TyKJioncKOH cbht. anaiioi hhiiwx no cbohm nerpoxHMHHecKHM 
xapaKTepHCTHKaM, no npHnuHnnaribHo pa3JiHHaioiuHxcfl no reoxHMHnecKHM ocoGc'hhocthm, 
M03B0JIHJI0 yTOMiiHTb apeaibi nx pacnpocTpanenna h BbuejiHTb 2 ojwoBpeMenno cymecTByiomnx 
HC3aBHCHMbix MarMaTHHecKHX onara na 3ana^e h boctokc TeppHTopiiH (hbaok/ihh c k h h h 
TyKJlOHCKHH). 

4. Upo^eMoncTpnpoBano, hto pacc.ioennbie noKpoBbi. paccMaTpnBaeMbie panee b KanecTBe 
MapKHpyJOUlHX ropH30HTOB TyKJlOHCKOH CBHTbi, BXOJWT B COCT3B pa3HbIX CBHT -TyKJlOHCKOH H 
HajlOKJlHHCKOH. 

5. BnepBbie oSnapyweiibi BbicoKOMarne3Haibiibie nopo;ibi b cocraBe naie>KjiHHCKOH CBHTbi. 

6. B pa3Hbix nacTHx panona H3VHeHbi reoxHMnnecKHe ocooeriHocra BepxHeri nacTH Ha^e^HHCKon 
CBHTbi H IIH)KHHe - MOpOIITOBCKOH. lIOKajaHO. HTO HCCJiejXOBailHbie ByjlKaHHTbl TOJlbKO B 
e/iHHHHHbix cjiyHaax hmciot npoMOKVTOHHbie xapaKTepucTHKH h BbueiieHiie «TpaH3HTHbix cepHH» 
npejiCTaBjiHeTca HeoSocHOBaHHbiM. 



7. rio;iyHeHHbiH 6o;ibLuoH o&beM HOBbix reoxHMHwecKHx aaHHbix aaa 6a3anbTOB pa3Hbix 
TeKTOHHHecKHX CTpyKTyp pawoHa (paHee - xoabico aaa XapaeaaxcxoH Myjibabi): no3Boana 
Bbl/iejIHTb 2 CT3/IHH H 4 UHKJia B pa3BHTHH ByjIK3HH3Ma. 

II. HopHJlbCKHH paHOH. HHTpV3HBbI 

1. BnepBbie Ha npeacxaBHxeabHOM waxepHaae npoBeaeHa reoxHMHHecKaa xHnnsanHa 
yjibTpa6a3HT-6a3HTOBbix HHTpy3HBHbix iiopo.i nop.MajibHOH mejiOHiiocTH, Bbiaeaeiibi 3 rana 
(AfOMraiieHCKHH, HHWHexaaHaxcKHH h HopnabCKHii), cooiBercTBy K)ii ih e 6a3aiibTaM 
ry/lHHXHHCKOH, HaaOKUHHCKOH H MOpOHrOBCKOH CBHT. 

2. BnepBbie apryMCHTHpoBaHHO ooocHOBaHO cymecTBOBaHHC HHTpy3HBHbix nopoa ryaMHXHHCKoro 
THiia. 

3. npoae.MOHcrpHpoBaHO, mxo pa3Hbie no cxeneHH pyaoHOCHoexn HHTpy3HBbi xapaKxepH3yioxca 
oaHiiaKOBbiMH reoxHMHHecKHMH oco6en hocthmh nopoa. a xhmhhcckhh h MHHepajibiibiH cocraB 
pya He KoppeanpyeT c cociaBOM cnaHKaxHOH nacxn BMemaioiuHx hx HHTpy3HBOB. 

4. BnepBbie b pyaax HopnabCKHx MecxopowaeHHH anarHocrnpoBaH caMopoaHbin riaaaaaHH h paa 
HOBbix (j)a3 3ni\ a TaioKC noayncHbi Kapxbi pacnpeaeaeHna xaeMCHXOB-npHMCceH (Co. As, Se, Au. 
Pt. Pd. Rh, Ir. Ru. Os. Re) b laaBHbix pyaoo6pa3yiomHx cyjn»(|)Haax. 

5. AoKa^an nocaeHH>KHeHaac>KanHCKHH B03pacT Hirrpy3HBOB nopHabCKoro KOMiiaeKca Ha 
ocHOBaHHH reoaorHnecKHx B3aHMooxHoiucHHH Me»ay aaBavin h HHTpy3HBaMH. 

6. ycTanoBaeiibi anoMaabHO BbicoKHe (ao 10 ppm) coaepwanna xa>Keabix peaxnx aaeMcnroB (Yb. 
Dy, Er) hYb oaHBHHax. 

7. 06napy>Kenbi yiiHKaiibiibie 3onaiibiibie oaHBHiibi (Fosj-Fo.sy) b MnKHanraHHCKOM HiiipyjHBe, 
cBnaeTeabCTByiomne o BbicoKon cxopocTH ocxbiBanna MaccHBOB nopnabCKoro KOMnaeKca. 

8. BnepBbie onpeaeaen cocraB ncxoaHbix pacnaaBOB ana paaa HHTpy3HBOB nopHabCKoro pafiona 
npaMbiMH MeToaaMH (no pacnaaBHbiM BKmoneHHaM b oaHBHHax h nHpoKceHax). YcTaHOBaeHbi 
HeoObiHHO BbicoKHe coaep*aHHH penxnx 3eMeab b hhx. 

III. CpaBHHTeabHoe H3VHeriHe nopnabCKHX hhxpvxhbob c NiacciiBaMU apvrnx pafioiiQB 

1. npoaeMOHcrpHpoBano cxoacTBo reoxH.MHHecKHx xapaicrepncTHK ana pyaonocubix MaccHBOB 
pa3Hbix perHOHOB: Koabcxoro noayocTpoBa. HopnnbCKoro pafioHa. io>KHoro o6paMneHHa 
ChGhpckoh naarc|)opMbi. 

2. rioKa3aHo, hto paianmibie no reoxHMHHecKHM ocooeimocxaM HHxpy3HBbi xapaKxepH3yioxca 
oaHnaxoBbiM xnnoM opyaeneiiHH (/(lOMxaaencKHH h Hhhchckhh MaccHBbi). 

IlpaKTMHecKaH jHaniiMOCTb paooibi 

Macxb Hcnoab30BaHHbix b paooxe \iaxepnaaoB noayHena b xoae BbinonnenHa xo3aoroBopHbix 
paoox. b Koxopbix aBxop aBnanca oxBexcxBeHHbiM HcnoaHHxeaeM. 


1. Pesyiibraibi neTporpa(J)HHecKoro h m h h epa;i o ro- r eo x h m h h ec ko r o H3yweHHH oaxajibTOB 
MhKM aurziHucKOH njiomanH boiujih b othct OOO «HopnjibCKreojioxHH» no «I eojioiHHeci<OH 
rpyiirioBon cteMKe 1:50000 M-6a na MnKHanraHHCKon njiomaaH» (aBTopbi B.H.MnxanjiOB, 
JI.H.Tpo(j)HMOBa h up., 2003 r). 

2. H3yMeHne nopo/K>o6pa3yiomnx MHHepariOB jierjio b ochobv xo3jioroBopHbix pa6oT TEOXH 
PAH c «TMK «HopnjibCKHH nnKejib» n OOO «HopnjibCKreojiorHfl» n oTpaweiio b oxwexe 
«Pa3pa6orKa MHHepajioro-reoxHMHHecKHx noncKOBbix npn3HaKOB Ha cnjiouiHbie cyjibcjiH/iHbie 
pyjlbi b HopnnbCKOM panoHe», 2008 r. 

3. Pc3yjlbTaTbI HCCJie^OBaHHH reOXHMHH (B TOM MHCJie H paaHOreHHbIX H30TOnOB), MHHcpanorHH 
MaccHBOB K)>kho-Kob;jopckoh ruiowaoH Ko;ibCKoro nojiyocrpoBa. BbinojiHeHHbie no zioroBopy c 
OAO «MypMaHCKaa TPO» ( 2006-2007 rr). n onyGjiHKOBaHbi b acypHajie «reoxHMHa». 

4. MccJie/ioBanne BepxHeKHnrauiCKoro MaccnBa py/moro iiojih Bbinojuieno no .xoroBopy c OOO 
«reojiorHHecKaa KOMnaHHH», pe3yjibTaTbi OTpaaceHbi b oTHeTe 2007 r. 

iaiitiimacvihic uo.io'/Keiimi 

1. Hcxo;w H3 nonyneHHbix xaKOHOMepHOCTeH pacnpocTpaHCHna ByjiKaHorcHHbix nopo/i b pa3Hbix 
TeKTonnnecKHX cipyxiypax pafiona n ocooennocren nx nerpo-n reoxnMHHecKoro cocxaBa 
(rjiaBiibie, pe/n<ne n paanoreunbie ojieMenTbi). noKaxaiio, hto nopozibi Tyc|)o-JiaBOBOH tojiuih 
I Iopn;ibCKoro panoHa 6bmn c(|)opMnpoBaHbi b tchchhc ^Byx CTa^Hn - pn(])ToreHHon (iv-sv -gd- 
nd) n coGctbchho TpannoBon (tk - mr-sm). KOTopbic ne npocTO cmchajih ,apyr npyra bo BpeMeiin, a 
cymecTBOBanH o/iHOBpe.MeHHO b paHHeHajie)K,xnHCKHH nepnoji. Pa3BHTne ByjiKaHH3Ma 
ocymecxBJiajiocb b TewenHe nerbipex uhkjiob (iv-sv, gd. nd-tk. mr -sm). 

2. Ho reoxHMH'iecKHM ocoochhocthm nopo,x HHTpy3HBHbie oGpaxoBaiiHfl panona 

nojpaxaejiaiorcH na 3 reoxHMnnecKHX Tana: jnoMTajieHCKHH (cpeAneBiBeuieiiiioe coflepwanne 
MgO= 19-23, Ti0 2 >1, 87 Sr/ 86 Sr=0.703, eNd = +6-8: OTcyTCTBne Ta-Nb n Pb aHOMajinn), 

HH5KHexajiHaxcKHH (MgO=13-16. Ti0 2 <1, 87 Sr/ 86 Sr=0.710, eNd = -8--10; npneyTCXBHe 

oTpHuaiejibiioH Ta-Nb h no;io>KHTe;ibHOH Pb anoMa-iHii, cymecTBeimoe ooorameHne 
KpynHOHOHHbIMH JlHTO(l)HJlbHbIMH 3-ie.MeHTaM H) H HOpHJIbCKHH (MgO=10-12, Ti02 <1, 

87 Sr/ 86 Sr=0.706. eNd = -0.5 ; OTpuuaTejibHaa Ta-Nb h nojiowHTejibHaa Pb anoMajiHH), 
cooTBercTByioiUHe jiaBa\i 2. 3 w 4 lihk;iob (ryaHHXHHCKOH, h a,Te >icihh c koh h mopohfobckoh cbht). 

3. IIo .nanubiM H3\^ieHHH BajioBoro cociaBa riopon h pacmaBHbix bkjiiohchhh b panunx 
jTHKBH^vciibix (J)a r iax (ojiHBHiiax h nupoKceiiax) ycTanoBJieno, hto ncxoaiibie MarMbi, 
C(})OpMHpOBaBIIIHe py^OHOCHbie HHTpy3HBbI. HMC.1H TO.TCHTOBblH COCTaB padl-iaBa C COACp'A'aHHCM 
MgO = 8 \iac.%. xapaicrepH30BajiHCb KopoBbiMH cneicrpaMH pacnpe;ie;ieHH« pe^KHx 3JieivieHTOB 
(TaiiTaji-HHoGHeBaa h CBHimoBaa anoMainn). noBbiuiennbiMH KoimenTpaiiHaMH peaKHx 3JieMeiiTOB 



h Bo/iHO-yrjieKHCJibiM cocxaBOM ([i-'iiOHna (coaepacajiH ao 0.5 Mac. % bo am, 0.2 xjiopa h 0.02 
(})Topa) h He coziep>i<ajin noBbimeHHbix KOHueu rpanHH HBeTHbix MeiajuiOB. 

4. Borarbie Pt-Cu-Ni cyAb<j)HAHbie pyabi paiioiia CBAtanbi c MaccHBa.MH HopunbCKOro THiia, 
o6pa30BaHHbiMH b tiocjienaAe'/KAHHCKoe BpeMA b pe3ynbTaTe caMOCTOATenbHoro MarMaTHHecKoro 
HMnyAbca. CTeneHb pyAOHOCHOCTH MaccHBa (pyAonpoABAeHne. GeAHoe. GoraToe hah yHHKanbHoe 
MecropoACACHHe) He orpa/KaercA na n erpo-reox hmh nee kh x ocooeiniocrHX HHTpy3HBHbix nopoA: 
CpeAHeB3BeilieHHOH Mai'He3HaAbHOCTH. COAep'/KaHHflX H paClipeACAeHHH peAKHX SACMCHTOB h hx 

H30TonnoM cocTaBe (Sr, Nd, Pb). 

5. OTcyTCTBHc KoppeAflHHH MexcAy xHMHMecKHM (Cu/Ni. Pd/Pt. Cu+Ni/PGE, PGE/S), 
MHHepaAbHbiM cocTaBOM pyA (coorHomeHne rAaBHbix pvAooGpatyjomHx, BTopocTeneHHbix h 
peAKHX cyAb(|)HAOB, MHHepariOB nnaTHHOBOH rpynnbi) h CHAHKaraoH cocTaBAAtomen HHTpy3HBOB 
(Mg#), a TaK>Ke npoABAenne npoueccoB accHMHAAHHH TOAbKO b y3KHX iipHKOH raKTOBbix 30Hax in 
situ. cBHAeTeAbCTByeT o tom. hto MarMW npH oopaioBaimn HopHAbCKHx mcctopo>kachhh 
BbHIOAHAAH. TAaBHblM 06pa30M, TpaHCHOpTHpyiOIHyiO pOAb no OTHOIIieHHIO K CyAb(J)HAaM, 
CKOHUCHTpHpOBaHHblM Ha npCAblAyiHHX 3TanaX pa3BHTHA pcrnona B npCACAaX HH)KHCH KOpbl. 

AiipoGamiH pafioi bi 

Pe3yAbTaTbi hccacaobbiihh onyoAHKOBaiibi b 175 paGorax: 1 MonorpacJiHH. 29 cxaTbax b 
pe^epnpyeMbix wypHartax, b 31 cTaTbe b acypHanax h cGopitHKax. a TaiOKe 114 TC3Hcax (H3 hhx 26 
pacumpeHHbix), TAaBtibie H3 KOTopbix npHBCAeHbi b kohuc aBTopetjtcpaTa. Ohh CHCTCMaTHMCCKH 
o6cy>KAaAHCb na taccAaHHAX AaGoparopun reoxHMHH m ar m am nee khx h Me raMop({)H i iecKHX nopoA 
h Ynetibix CoBeTax FEOXM PAH. b MrY. BCErEH. MI PH. b HucTHTyre MHHep aiornn h 
pyAOo6pa30BaHHH HAHY (r. Khcb). a TaiOKe Ha HTC «rMK «HopHAbCKHii HHKeAb» h OOO 
«IlopHAbCKreoAorH«», b Apyrnx HayHHbix h npoH3BOACTBeitHbix opraitHiauHAX. IIonyHemibie 
AaHHbie H HX HHTepnpeTailHH AOKAaAbIBaAHCb Ha MHOrOHHCAeHHbIX MeACAyHapOAHbIX H 
Pocchhckhx KOH(])epennnHX (Goaee 30 pat), b tom HHCAe Ha BcepoccHficKHx iijiarnnoBbix 
coBeutaHHHX (MocKBa. 1992. 2002; KpacnoapcK. 2000). MoKAynapoAHbix nAaraiioBbix 
Kourpeccax (MocKBa. 1994; CaaGepH. 2010). Ha MeacAVHapoAHOM EBponencKOM coK)3e reonayK 
(EGU IX, X, XI.XI1 b r. Crpa:Gypie. Mamie h BeHe c 1 9 9^ho 2 0 0^.), Ha Pocchhckhx h 
m eacAy h apoAHbix KomjiepenuHax no cjiaioHAHbiM h paciuiaBHbiM bkajohchham (r. AneKcaiiApoB, 
1999, 2000. 2001; r. EpeHoGab. (DpaHuna, 2001; PnHoepr. TepMaHHA. 2005; MocKBa. MrEM, 
2008; Ha EC'ROFI - r. Cnena. HTaiHA, 2005). na KOH(J)epeimHH Societies of Economic Geologists 
and GSA (r. MoraHHecGypr, K)AP, 2008), Ha Cu-Ni CHMno3HyMe b I<HTae (2009 r), Ha 
coBemaHHAx «HoBbie hach b Hayxax o 3eMne» (MocKBa, 1999. 2002, 2004. 2009), coBemaHHAx 
naMATH A.H.3aBapHHKoro, A.f.BeTexTHHa, O.H.MyxpoBa. 80-actha HfEM (MocKBa, MfEM, 



2007-2010), Ha Cmhphobckhx MreHnax (MrY, MocKBa. 2009. 2010), Ha ceMHHape no TeoxHMHH 
MarMaTHHecKHX nopon (FEOXH, 2010), Ha MxeHnax naxiaxn B.E XaHHa (MI'Y, 2011), a xaioxe 
pei HOHajibiibix coBemaimax b Mwxe (2001. 2005). CbiicrbiBKape (2005), nerponaBjiOBCKe- 
KaMHaxcKOM (2009), FIexpo3aBoacKe (2004. 2009). 

E.iaro.xapnocTH 

JIio6oBb k reoaorHH py/iHbix MecropoacxeHHH 6biJia npHBHxa aBxopy b cxy/iennecKHe h 
acnnpaHXCKHe roabi Ha xa^eape nojxe3Hbix HCKonaeMbix MFY axaaeMHXOM B.M. Cmhphobmm h 
ero cno^BH>KHHKaMH: IO.C. EopoaaeBbivi, T.O. 5 Ikobjicbi>im, H.H. EpeMHHbiM, B.B. Abaohhhbim. 

B. H. CxapocxHHbiM, Har. E. CepreeBoii. T.A. (l>HJiHUbiHOft, E.M. 3axapoBOH h ap. ABXOp 
Bbipaacaer npH3Hare;ibHocxb KOJUieraM, 0Ka3aBiiiHM coaencxBue b ocvihccxbjichhh iioaeBbix 
pa 6 ox: reojioraM «FMK «HopHJibCKHH HHxeab» O.H. CnMonoBy, A.B.IIocneaoBy, A.A. 
LUaiUKOBy; OOO «IIopHabcxreonorHa» - B.B.KyprHuy. lO.K. KpaxoBeuxoMy, JI.H. Tpo(j)HMOBofi, 
H.H., TymeHHOBOH. E.A.ApniHHOBOH. H.A. MaxBeeBy, B.n. Cxpe.ibHHKOBy. B.A. Texepjoxy. B. 
lO. Ban-Many. K.B. KpanaeHOBy. B.A. HnHacBy. A. A. 7(aHb>ieHKO. C.T. C'Hncapy. B.A.PaabKO, 
K.K. KoBajibnyxy. K.B. LUmijaeBy, C. A. BHJieHCKOMy, O.n. JIere 3 HHOH, V. H. JIere 3 HHy, 
E.B.Cepeae h ap., a rax>xe A.r. TapacoBy, C.B. HncrpaxoBy. H.B. XpaMOBy, A.B. PyaaxoBofi, 
K.B. EbiHKOBy. OeoGyio Gaaroaapnocxb aBxop Bbipajxaex B.H. MHxanaoBy xa miioi oaexmoio 
nOMomb b H3yneHHH ByaxaimxoB Hopwabcxoro paiiona b nojieBbix ycaoBnax h naoaoxBopiibie 
AHCKyCCHH 06 HX IipOHCXOKjlCHHH. YcHCIUHOMy IipOBCaCHHIO aHailHXHMCCXHX paGoX 
cnocoGcxBOBajm H.A. PoinHua. H.H. KononxoBa. fl.B. Ky3bMHH, O.E. Ky3bMHHa, T.E. UlnbmKOBa, 

C. F. Chmbkhh, E.B. noranoB, A.A. naenoBa. E.B. EeaauxHH, A.A. FOuihh, H.B.KyGpaxoBa, 
O.A.Tioxkjhhk, A./(. MxexHa. B.A. TypxoB, C.B. JlyxxoBa. T.Jl.KpbinoBa Homoiub b 
3KcnepHMeHxajibHbix paGoxax no HxyneHHio pacnjiaBHbix bkjho'ichhh oKa3ajin A.A. Kaanx, A.A. 
KaprajibiieB, M.B. Bojiobchkhh, A./(. EaGaHCXHH. H.n. ConoBOBa, A.B. TapHnc. ABxop 
GaaroaapeH A.A. ApncKHHy 3a o 6 cy>xaeHHe h noMomb b MojiejiHpoBaHHH npoueccoB 
KpncxajuiH3anHH Mar\i pyaonocHbix \iaccnBOB. a xax>xe bccm coxpyaunxaM aaGopaxopHH 
reoxHMHH MarMaxHnecKHX h MexaMopc))HHecxHX nopoa TEOXH PAH 3a apywecxyio h 
xBopnecKyio arMOC<|)epy. ocoGchho cbohm 6 aw>xaHLUHM xoaaeraM H.M.Cbhpckoh h O.n. 
IjaMepaH. rnyGoxyio npH3HaxeabHocxb aBxop Bbipaacaex B.H. ToHranbCKOMy 3a xpnauaxHaexHee 
COTpyflHHHeCXBO B HXyHCHHH 6a3HXOBbIX py^OHOCHblX KOMIIJieKCOB B nojieBbix H KaNiepaJIbllblX 
ycjioBnax h HHxepnpexannH pe3yjibxaxoB. HeoueHHMyio pojib b upoBcaeiiHM nccaeaoBaHHH 
cbirpajia MHoroaexHaa BcecxopoHHaa noaaepwxa nji.-xopp. PAH A.B.CoGojieBa, xoxopOMy aBxop 
HCKpeHHe Gjiarojapcii 3a riocxoanHbin HHxepec k HxyHeHHio CnGupcKoro xpannoBoro MaxMaxH3Ma. 



Pa6ora BbinoJiHeHa npn (j)HHaHCOBOH no,xmep>KKe POOH (npoeKTbi 00-05-64507-a, 00-05-74508-3, 
01-05-74552-3. 03-05-79 123 -k. 03-05-64578-a. 05-05-74622-3. 07-05-01007-a. 08-05-100092 -k. 
09-05-01193-a, 10-05-08173-3), nporpaMM npe3tueHTa PO «Beaymne HayHHbie uiKonbi Pocchh» 
HLLI- 150.2008.5. HLLI-3919.2010.5; nporpaMM OH3 PAH Ns 4. 8 h npoeicra Bojibt})raHra Hayaa 
(fepMaHHa). 



rjlABA 1. KpaTKHe ceeixemiH o reojioniH HopHJibCKoro pafioiia h npo 6 jieMbi 

reHe3Hca pyn 

I. 1 .Hi HCTopmi inyHeiiiiH Hopii.ibCKiix MecTopo/Kjeimii 

Hanajio HHTencHBHbix wccjie^oBaHHH HopujibCKoro paiiOHa cB^naHO c noncKaMH yraa j\nn 
CeBepHoro \iopcKoro nyxn b 1919-1920 rr., KOTOpbie Hanaji npoBoawxb CnGreojiKOM bo BpeMfl 
npaBJienHH A.B. KoimaKa. 

OoTeHUHaibHaH pyaoHocHocxb I Iopn;ibCKoro pafloHa Gbiaa aocxoBepno hibccthb y>KC c 
Koima XIX b. (KpaBuoB. 2003). Koraa y nonno)Kbfl r. Py^HOH obiJin oGnapy^Keiibi BKpanjieinibie 
cyjib(|)HjiHbic pyabi b caaHnax. 3xo Gbuio 3a(J)HKCHpomHO 3aflBOMHbi\i ctoji 6 om b 1 865r. (GyKBbi 
«K. h C.» na KoropoM o6o3HaHa:m iiepBOorKpbiBaxeaeH - 30JioxonpoMbinuieHHHKa A.H. 
KbiTManoBa h xynua K. CoTHHKOBa). Mecxopo/KaeiiHe Gbiao na3Bano Cothhkobckhm (iibme 
3K30K0HTaKT0Bafl nacxb MecropoacaeiMfl HopujibCK I). K 1872 r. Gbuio aoGbiro 200 nyaoB 
i icpHOBOH Me^H. BHyx Kvnua CoxnnKOBa. cxyaeux ToMCKoro xcxHoaorHnccKoro HHCXHxyxa A.A. 
Coxhhkob, npo;ioji>KH.i ccmchhoc aeao - H 3 y i ieHHe h pa 3 BeaKy MecxopoK^eHHfl. B 1915 r. oh 
npoH3Beji raaioiviepuyio cbeiviKy Mecropo/Kaeima. npoGypua cKBa/KHiiy, coGpaa KoaaeKiimo 
ro puN nopoa h p }t a b 19 10. onyGanKOBaa p So y « K Bonpocy 06 OKcnjiyaxauHH 
HopHJibCKoro (JJymncKovo) \iecxopo>K^eHHH KaMemioro yraa h Meanon pyaw (b cbjhh c 
npaKXHHecKHM ocymecxBacHHCM h pa3BHXHe\i CeBepHoro viopcKoro nyxH)». riexporpa(|)H i iecKoc 
oiiHcaiiHe iiopozi h py;i Gbiao Bbiiiojineno H.H. ypBaimeBbiM. B 1919 r. no 3 aaanHio CnGreoaKoivia 

II. 11. ypBanneB Bbiexaji na noacBbie paGoxw b IIopnabCKHH pafioH. oanaKo flonojiHHTeabHbix 
py/Hibix 3aae>Ken ne oGnapywna. IIocKoabKy npn3Baii huh iia cnyacGy b ap\imo b 1916 r. 
A.A.Coxhhkob nocae pa3rpoMa KoanaKOBCKOH apMHH 6biJi paccxpeaan kbk Geabifi o(I)Huep (1919 
r.), b AajibHCHincM bcc reojiorHMecKHe paGoxbi B03r;iaBjiHjiHCb 11.11. ypBaHucBbiM. Koxopbin 
npoBCJi pa3BC ( ao i iHbie h oGujnpHbie noncKOBbic paGoxbi Ha \ieab b panoHC r. PyaHOH b 1919-1926 
rr. TaKHM o6pa30M, nepBooxKpbiBaxeaHMH HopnabCKnx m ecxopo>K,xe hhh caeayex CHHxaxb ceMbio 
CoxHHKOBbix, a H.H. ypBaimeBa - nepBbiM oprannsaxopoM naanoiviepiibix HccaeaoBaiiHH 3xoh 
xeppHxopHH, Koropbie Gbian ripoaoaweHbi Cobcxckhm npaBHxeabcxBOM. b 1923 r. B pyaax 
Mecxopo>K,xeHHa IlopHjibCK 1 H.K.BbicouKHM Gbiaa oxKpbixa njiaxHHa. 

B ziajibnefiiiieM HccaeaoBanne xeppnropHH npoBoanaocb «HopHjibCKcxpoeM» (raaBHbin 
reojior A.E. BopoimoB) h apyrHMH opraHH3auHHMH, b pe3yjibxaxe Koxopbix Gbian oxxpbixbi 
cnaoiuHbie pyabi MecxopoacaeHna h pacuiHpeHbi 3anacbi BKpanjieHHbix pya, oGHapjoKCHbi 
MecxopoacaeHHH IIopnabCK 2. HepHoropcKoe. Bojibmaa EapbepHaa. B 1935 r. Bbiuuio 
HocxaHOBjreHHe o cxpoHxeabcxBe HopHJibCKoro KoxiGHHaxa. Koxopbin aaa nepBbin HHKejib b 1942 


r. 



OflHaKO b pa3p«^ ynHKajibHbix pyziHbix pafioHOB Hopn;ibCK BOiueji TOJibKO b Hanajie 1960-bix 
toziob, Korzza b peiyjibTaTe njianoMepHbix noHCKOBbix paooT HopujibCKOH kom ruieKCHOH 
reojioropa'iBeaoHHOH OKCiieziHLiHH (HKFP3) obizin OTKpbiTbi TajiHaxcKoe h OKiaOpbCKoe 
MeCTOpO>KHeHHH. BbICOKaa LjeHHOCTb 3THX pya 3a CHCT HX KOMnJieKCHOCTH H KOMnaKTHOCTH 
npcBbicHjra ueHHOCTb py jx Bcex ocTa.ibHbix MecTopoKzieHHH 3Toro THna b HecKOJibKO pa3, b tom 
HHCJ ie ByniBejibzia h Caaoepn (Haziziperr. 2003). 

1.2. KpaTKoe oiuicaiiiie reozioriiHecKoro crpoeimsi paiioiia 

HopujibCKHH pyziHbiH pafion pacnojiO/Ken na ceBepe Chompckoh njiaT(|>opMbi (pnc.1.1) h 
Z lCTajibHO oxapaKTepH30BaH b pazie paooT (J\ kvahkob h zip.. 1988; reojionifl h pyziHbie 1994; 
Sudbury-NoriPsk, 1994; Phoob h zip.. 2000. /Iozihh. 2002: Hajiaperr, 2003; JlHxaneB. 2006). Ha 
3aua;ie w 



Phc. 1.1. Ilojio>KeHHe 
llopHjibCKoro pafiona b 
CT pyKType Ch6hpckoh 
TpannoBOH npoBHHiuiH. 

1 - I lopHJlbCKHH paHOH, 
2-MaHMeHa-KoTyHCKa» 
ripoBHHUHa, 3 - IlyTopancKaa 
3 ona. 4 - TynryccKaa 
CHHeKJIH3a. 


ceBepe on orpaiiMHHBaerca EHHceflcKHM h EHMceHCKO-XaraurcKHM upoi HOaMH, a na BOCiOKe - 
TyHryccKOH chhck-ih30h. B tcktohuhcckom oTHouieHHH oh oopa3yeT caMocTOHTejibHbiH ojiok c 



riOHHHCeHHOH MOLUHOCTbK) KOHTHHeHTaJIbHOH KOpbl, COCTOfllUeH H3 KpHCTaJlJIHHeCKOIX) 



Phc. 1.2 . Kapra rjiyGnu no (|)yH^a\ieiiTa (b h30jihhhhx) h no.io>Keiuie ceHCMHHecKoro npo(|)HJifl 
/l,ioiiKyji-/lHKcoH (noKa3aii KpacnoH jihhhch. Xlojirajib. MexoBHH.1998; iJojirajib, 2001.2010 (])). 

KopHMHCBoe - no,aHflTHfl b pejibc(j)c (J)VH^aMeHTa (viaKCHMajibHoe ao 10 km ot 
rioBepxiiocTH b pafione 03. MejiKoe. b 50 km k boctokv ot Hopujibcxa. mhhhm ajibnoe - jxo 40 km). 


c^ynjiaMeHTa h oca.aoHiio-ByjiKaHoreHHoro n.iaT(j)opMennoro nexjia (pnc. 1.2). UpeACTaBjieiiHH o 
TJiyGHHHOM CTpOCHHH TeppHTOpHH 6a3HpVK)TCfl Ha nyOHHHblX CCHCMHHCCKHX npO(})HJIHX 
«rOpH30HT» (BopKyTa-THKCH) H «MeTeopHT» (JlK>nKVH-/lHKCOH). 





1.2.1. rny6uHHoe cmpoemie meppumopuu 

B npeaeaax xanaanou noaoBHHbi naarcjjopMbi oxnexaHBO Bbiaeaaiorca rpH KpynHbie 
Mop(J)OCTpyKTypHbie hpobhhuhh (EunceH-XaraurcKaa, nyxopaHCKaa, Aiirapo-TyiirycccKaa). 
E hh ce h -Xara n rc kom y nporn6y npucymH cyoinupornoe npocrupanue cxpyKxypHbix xaeMeinoB h 
BapHauHH cpeaHHx 3HaueHHH moiuhocxh Kopbi b npeaeaax 36-39 km. nyxopaHCKaa cxpyxxypa. 
H30MexpHHH0H (J)opMbi, HMeex Monuiocxb 3eMHOH Kopbi cocxaBaaex 45 km. EiiySHiia xaaeraima 
iio/ioniBbi 3eMHOH Kopbi b npeaeaax AHiapo-TyHryccKOH hpobhhuhh cocxaBaaex 39-42 km, 
aocxuraa b orueabHbix Briaaniiax 45 km. 

Ha C3 Ch6hpckoh naax(|>opMbi. b npeaeaax EHHceH-XaxaHrcKon Mopc|)ocxpyKxypHOH 
hpobhhuhh) Bbiaeaaexca no reo(|)H3HuecKHM aaHHbiM HrapcKO-HopnabCKaa norpeGennaa 
naaeopH())xoBaa cncreMa (I1PC), npeacxaBaaioiHaa co6oh 6 aoK 3cmhoh Kopbi, He xapaKxepHbin 
aaa naaxc|)opM, hmcbuihh noBbunennyK) iio.xbh'/Khocxi. na npoxaweHHH Been ncropHH paxBHxna co 
cbohcxbchhoh pHcjjxoreHHbiM cHcxeMa.M TjxyoHHHOH cxpyKxypon (/Joaraab. 20 1 ()<1»). 3xox 6aOK 
oxueaeH MaHXHHHbiMH pasaoMaMH ox TyHryccKoro h TauMbipcKoro oaoxoB. hmckuiihx oGbiuHoe 
naar<|)opMCHHoe cxpoeHHe. MrapcKO-I IopnabCKHH 6aoK aBaaexca wacxbio KpynHOH 
naaeopH(J)xoBOH cncxeMbi, hxo oruexanBO Haaiocrpupyexca ceHCMoreojioiHwecKHM npo(J)HaeM 
/Ihkcoii —XnaoK (pnc.1.3). ,ZEih nero xapaKxepiibi BbicoKorpaaneuxubie npornobi b (|)yiiaaMenxe, 
BbinoaHCHHe MomubiMH (ao 15 km) ocaaouHo-ByaKanoreHHbiMH xoaiuaMH: ropcro-rpa6enoBoe 
cxpoeHHe h 6 oabmaa naoxnocxb paxaoMOB: noBbiineHiiaa Momnocxb «6a3aabxoBoro» caoa; 
3HauHxeabHbiH o6beM H3BeprHyxoro MaHXHHHoro BemecxBa; npHcyxcxBHe npoMe>Kyxo i iHoro caoa 
Meacay xopon h MaHxnen co cKopocxbio npoaoabiibix bojh Yp = 7 3 km/c. Hoa Hop hibckhm 
paHOHOM oh pacnoaaraexca na ray6Hiie 35 km. Bocxomhoh rpannuen HrapcKo-MopHabCKOH 11PC 
aBaaexca JlaMCKO-JIexiiHHCKHH h onepaiouiHH exo Kexa-Hp6nncKHH paxaoMbi. oxaeaaioiune ee or 
apxeHCKoro KpaxoHa. CeBepo-xanaaHaa rpaHHua pntjrxoreHHoro 6aoKa npoBoanxca no 
HpHeHHcencKOMy paxaoMy, aBaaiomeMyca xaK/Ke BoexouHbiM GopxoM 3anaaHO-CH6HpcKoro 
oaccenna. K ioro-3anaay HPC npocaeacHBaexca na aeBooepeacbe EnHcea, rae. bo3mo>kho, 
CMbiKaerea c coBpeMeunbiMH pncjxraMH 3anaano-CH6HpcKoro GacceHiia. OxaHHHxeabHOH weproH 
nPC aBaaexca pe3KO noBbimeHHaa MoiuHocxb uexaa (b cpaBHeHHH co cxpyKxypaMH naax(J>opMbi), 
noBepxHoerb (jtynaaMeHxa 3aecb h norpy>KeHa Ha 8-12 km. OcoGeHHoexb nPC - HaaHHHe 
BoaHOBoaa noa rpaHHueft Moxo. 



K)>KHo-TaHMbipcKafl TeKTOHHHecKaa jona EHHcefi-XaTaHrcKHH npornG CHonpcKaa n.iaT(j)opMa 
















































HrapCKO-HopHJibCKaa I1PC npeacxaBaaex coGoh BHyxpHKOHXHHeHxaabHbin pn(J)T (pn<J)x 
HHBepreHTHOH CXaaHH pa3BHTHH JIHTOC(j)epbl). COCTOfllUHH H3 COBOKynHOCXH OJIOKOB HJIH rpaGeHOB, 
b npeaeaax KOTopbix oxMenaexca ropn3onxaabHoe pacraaceiiHe. yxonenne h pa3pbiB aHxoc(J)epi>i. 
J\m Hee xapaicrepHa Bbicoxaa naoxHocxb paiaoMOB h xnanaxeabUbiH o6x.e\i HiBeprnyxoro 
MaHXHHHoro BemecxBa: cyMMapHbiH ooteM MarMaxHMecKHx \iacc b npeaeaax HopmibCKO- 
XapaeaaxcKoro riponiGa oneiiHBaexca BeaHHHHOH 50 - 70 xbic. km 3 , (na ocnoBaiiHH noBbinieiniOH 
naoxHOCXH ero no cpaBHeHHio c apyrn.MH xeppnxopHa.MH), mxo CBnaexeabCiByex o KpafiHe 
BbicoKOH cxeneHH npounnaeMocxH or oh cxpyxxypbi (FeoaorHa h pyaonocnocxi, 1994). 

B coBpcMeHHOH cxpyirrype HrapcKO-HopwabCKOH nPC Bcxpbixbi KpynHbie nanKaxHBHO- 
Ha/iBHroBbie cxpyKxypbi, oOpaxyiomne MepHopeneHCKyio aHXHKJiHHajib pH(|>ea. XanxaHCKo- 
PbioHHHCKoe rio/iHHXHe h KyjnoMOHHO-CyxapHXHHCKyK) 30hv cxpyKxyp BcpxHero BeH/ia — CHjiypa, 
HopHJii.cKo-XapaejiaxcKHH nporno h /Ivhhiickhh Baa noaaneH nepMH — pannero xpnaca. 
AMnanxyaa XaHxancKo-PbiGHHHCKoro Bana 4-5 km. a BbinoaHemibie 3(j)(J)y3HBaMH HaaoaceHHbie 
Myjibabi HMeiox aMnanxyaw nopaaKa 2-3 km. OxMenaexca B3aHMOCB«3b pejibC(|»a noBepxHoexH 
MoxopoBHHHna c xhtiom noBcpxHocxHbix cxpyKxyp. llanpHMcp. b ucHxpc XapacaaxcKOH Myababi 
rjiyGHHbi noAoniBbi Kopbi cocxaBaaex 35 km, a noa XaHxancKO-PbiGHHHCKHM BaaoM -38 km. 

Ajih MrapcKo-HopnjibCKoro Gaoxa Baaaienuiee 3iiaHeiiHe HMeiox rayGnmibie paxaoMbi. 
iipeaonpcaeaHBiiiHe ero MexaaaorenHMecKyio cnenHaaH3anHio. OamiM H3 HanGoaee 3iia i iHMbix H3 
iihx flBJiaexca IlopHabCKO-XapaeaaxcKHH. nocKoabKy c hhm CBmaHbi Kpymibie Mecxopowacnna 
ruiaxHHo-HHKejieBo-MeaHbix pya (1 lopnabCKoe. TaaHaxcKoe, OKxaopbCKoe). OpocxHpaHHe 
pajjioMa ceBep-ceBepo-Boc roHiioe. nponoKeiiHocxb Goaee 350 km. uiHpHiia 30Hbi napyineiiHH 10 — 
20 km. On ripocae>KHBaexcH b MarHHXHOM noae h no aanHbiM TC3 aocxnraex m3hxhh. I la bccm 
nponoKeiiHH pajaoM onepaiox pa3aoMbi ceBepo-Bocxomioro npocxHpanna (MHKnanacKHH, 
EpraaaxcKHH h ap.) h ceBepo-3anaaHoro (TaaHaxcKaa 30Ha rpaGeHOB) npocxHpaHHa. FaaBHbin 
liiob Hopnai,cKo-Xapaeaaxc ko ro pasaoMa b Bnae 30Hbi MnaoHnxoB n xe kxo h h nee k h x 6 peKMHH 
HMeex niHpnny ao 100 m. BepxnKaabiioe CMeinenne Baoab xonbi aocxnraex 400—1000 m, 
ropH30Hiaiibiioe - 4 - 6. HHoraa ao 20 km. hxo oGbacnaexca copoco-caBHroBon npnpoaoH. Ha lore 
IIopnabCKO-XapaeaaxcKHH pa3aoM nepexoanx b HrapcKO-CyxapnxHHCKHH pa3aoM, onepaiomnn 
KpyiiHeHniHH xpaHCKOHXHHeHxaabHbiH npHeHncencKHn pa3aoM. pacnoaaraiomHHca na i pannue 
HrapcKo-HopnabCKon pniJixoreHHOH cHcxeMbi h 3anaaHO-CH6HpcKoro GacceHHa. 

BxopbiM KpyniibiM pa3aoMOM aB.xaexca JlaMCKo-JlexHHHCKHH aoaroacHByuiHH pa3aoM. On 
HeoaHOKpaxHo aKXHBH3npoBaaca b anoxn pn())xoreHe3a (pn<j)eH, BeHa, aeBOH, no3aHHH naaeo30H, 
paHHHH Me303on). B coBpeMeHHOH cxpyicrype oh Bbipaacaexca b Bnae 30Hbi (iiihphhoh 10-20 km) 
cGpocoB, naaBHroB, npHpa3aoMHbix cKaaaoK. rpaoeHOB. Baoab Koxopon npoHcxoanx CMena cfiauHH 



MOiuHOCxeH (|)op\ianHH cj)aHepo30H. PaxaoM Kompoanpyex noaoaceHne 11 j i ax h n o bo - m h Keae bo - 
MeziHbix MecTopo/KneHHH (HManraa h ap.) h MaraexnxoBbix npoaB-ieHHH (Maxyc). 

1.2.2. CmpanuKlninupoeaiiitbie oopasoeanua 

OyH^aMeHT naax(|>opMbi b IlopmibCKOM panone He BCKpbiT (Fcoaorna h pyaHbie 
MecTopo>KiieHHfl..1994). O ero xapaicrepe CBHaexeabcxByiox o6jiomkh MycKOBHTOBbix 
jieHKorpaHHTOB b 3Kcnji03HBHo.vi annapaTe paHHCTpHacoBoro B03pacTa. pacnoaoweHHOM b 20 km k 
iory ox HopnabCKa, Boxpacx Koroporo cocraBJiaeT 1700 - 2200 Man. aex. B oraeabiibix 6aoxax 
BCicpbiBaioTca ocaaoMHO-ByaKanoreniibie h MoaaccoHaiibie (jiopMaiiHoinibie paati 
HHacHenporepo30HCKoro (?) CKaaanaxoro CTpyicrypHoro apyca. xeppHreHHO-Kap6oHaxHbiH h 
B yaKaHoreHHbiH caa6oMcxaMop(|>HxoBaHHbie (J)opMauHOHHbie paabi pncjiencKoro cmiaanaxoro 
cxpyKxypHoro apyca. MoaacconaHbin (|)opMaunoHHbin paa HnacHeBeHacKoro 
noaoroae(J)opMHpoBaHHoro cxpyKxypHoro apyca. 

B ocuoBaHHH H3yneHHOH nacxn paxpexa IIopnabCKoro panoHa xaaeraiox H3BccxnaKH n 
raHimcxbie caanubi MepHopeneHCKon cBHXbi npoxepoxoa Momnocxbio 6oaee 300 m. 
I IepeKpbiBaioiuaa ee HxnyiHHCKaa cbh xa (Moumocxb 700-950 m) npeacxaBacHa xeppnreHHbiMn 
nopoaaMH - aaeBpoamaMH, iiecaaiiMKaMH. ipaBeanraMH, KomaoMepaxaMH. Beimaiox 
BepxneriporepoxoHCKyio nacxb paxpexa aoaoMHXbi. nxBeexnaKH. necMaiiHKH cyxapnxmicKOH CBHXbi 
MomHocxbK) oKoao 450 m. B paxpexe KeMopna Momnocxbio nopaana 2700 m iipeoGaaaaiox 
KapOoHaxHbie nopoabi. JlaxoaornnccKH 6oaee paxHopoaHbi oxacmcHHa opaoBHKa h cnaypa, 
iipeacxaBaeHHbie aoaoMnxaMH, aprnaaHxaMH. HXBecxHaKaMH. MepreaaMH cyMMapnon Momnocxbio 
oKoao 1400 m. Bepxnne nacxn opaoBHKCKoro n nnaame nacxn cnaypnncKoro paxpexoB caoacenbi 
nopoaaMH noiiH>KeHHOH naoxHOCXH n coiipornBaenna. oGpaxyiomnMH MapKHpyioiiinn 
reoxaeKxpHHecKHH ropnxonx. Momnocxb aeBoncKnx oxaoacennn nxMenaexca b aoBoabiio 
mnpoKHX npeaeaax npn cpeaHen ee BeanHHHe oxoao 850 m. B paxpexe acBona ncpeMoicaioxca 
Meprean. aoaoMHXbi. aprnaanxbi, HXBecmaKH. am napnrbi. rnncbi. Oraowenna Hnaaiero Kapoona 
(Meprean, HXBecxHaKH. aoaoMnrbi) HMeiox BecbMa orpaHHHeHHoe pacnpocxpaHeHne. Hx 
MomHocxb KoaeGaexca ox 0 ao 260 m. 

BbiuieaewamHe nopoabi, Bnaoxb ao BepxHen nepMH, oSbeaHHCHbi b xyHryccKyio cepnio. 
Caowemiaa aprnaanxaMH. aaeBpoanraMH, necnaimKaMH. yraa.Mn. xxa cepna e yraoBbiM n 
cxpaxHrpa(|)HwecKHM HecoraacneM aoacnxca Ha paxHOBOxpacxHbie orao/Kenna ox Hnamero KapooHa 
ao opaoBHKa. MomHocxb xyHryccKon cepnn ox 130 ao 500 m. TyHryccKaa cepna nepeKpbiBaexca 
xoamen 3<j)(})y3HBOB BepxHen nepMH - HnacHero xpnaca. 




Phc. 1.4. TeojiorHHecKaa Kapra HopHjibCKoro pafioHa (no Crpyimiiy n ,ap., 1994, c 

H3MeHeHHHMH aBTopa) 

Myjibobi: 1 - HopnjibCKafl. II- XapaejiaxcKaa, III - KyMrnucKafl. Ab - jihhhh pa3pe3a; 
1-2 - pa3J10\lbi: 1- IIopHJIbCKO-XapaeaaXCKHH, 2 - JIaMCKO-JIeTHHHCKHH. 
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6 > BiopocTeneHMfcje 


ByjiKanoreiiHafl TOJima no^pa3 < aejiaeTca na 11 cbht (cHH3y BBepx), epezw KOTopbix 
BbmejiHioTca: BbicoKOTHTaHHCTbic (Ti02 > 2-3 \iac.%. cy6mejiOHHbie n nHKpnTOBbie 6a3ajibTbi) - 
HBaKHHCKaa, CblBCpMHHCKaa, ryAMHXHHCKafl - H HH3KOTHT3HHCTbie (Ti02 < 1 Mac.%. TOJICHTOBblC 
6a3ajibTbi) - xaKaHnaHCKa«. TyiaioHCKaa, HaaeacaHHCKaa, MopoHroBCKaa, MOKyjiaeBCKaa, 
xapaejiaxcKaa, Ky\i rune Kan h eaMoeacKaa (reojiorHHecKaa xapra ... 1994; pne. 1.4). 

1.2.3. Hnmpysufuibie oopawaamiH 

Y;ibTpa6a3HT-6a3HTOBbie HHTpy3HBbi npeacTaBJiaioT co6oh npcHMymccTBCHiio 
nojioi o3ajieraiomne rexia, cy6corjiacHbie c 3ajieranHe\i TeppnreHHO-ocaaoMHbix n bvjiK an h nee khx 
BM emaiomnx riopo/i. Hx napajijie;iH3auH» c jiaBaMH o6biHHO 3aTpyaHena H3-3a pe/iKO 
na6juoAacMbix ncnocpe.acTBeHHbix KOHTaKTOB, nocKOjibKy b 6ojibiiiHHCTBe cjiynaeB HHTpy3HBbi 
3ajieraioT c rpaTHrpa(|)HMecKn hh>kc bvji Kan htob. hto bo MHoroM oSycjioBjieiio jiHTOJiorHHecKHMH 
ocoSchhocthmh nopozi (Han6ojice ojiaronpnaTHbiMH H3 KOTopbix ;uia jioKajiHiaunn HHipyiHBOB 
OKa3bIBaiOICH /leBOHCKHe OTJIOHCeHHfl). 

Bee HHTpy3HBHbie nopojibi b HopHJibCKOM panone pa30HTbi na 4 maBHbie KOMnjieKea 
(t&6ji.3.1). Cpe/w iihx Ha^eacHO nHaniocTupyioTca MaccHBbi cy6mejiOHHoro cocTaBa, OTHOCHMbie 
k eprajiaxcKOMy KOMruiexcy, conocTaB;iaeMbie c nopoAaMH HBaKHHCKoii cbhte»i. M 3 yjibxpa6a3HT- 
6a3HTOBbIX 06pa30BaHHH HOpMaJlbHOH meJIOHHOCTH OTHeTJIHBO BbWeJIHIOTCH nopo^bl 
^aji^biKaHCKoro KOMnjieKea, npopbiBaiomne 6a3a.ibTbi BepxHHX cbht h 6jiH3KHe k hhm no cocTaBy 
3a cneT noBbimemibix coflepacaHHH THTana. IIo-BHjHMOMy, ohh 3aBepmaK)T MOKyjiaeBCKo- 
caMoe^cKHH 3Tan MarMaTH3\ia. 

OrHeceHHe oerajibHbix MHoroHHCJieHHbix oaxnTOBbix nopoa k reM h;ih HHbiM KOMruieKcaM 
hjih THnaM 3aTpyaneH0 Bc.Te^cTBne 6 .th30cth hx cocTaBa h otc\tctbh5i B3aHMOOTHomeHHH e 
JiaBaMH. Y3 khh BpeMeHHOH HHTepBaji hx o6pa30Banna (< Imjih. Jier. Kamo et al., 2003; Pavlov et 






al., 2007) ne no3Bo.i5ieT ycneuiHO npHMeHHTb MeToabi H30TonHOH reoxHMHH ana hx pacHJieHenHH. 
Pa30HeHHe Ha oT^eubHbie KONinjieKCbi h noaKOMnaeKCbi (Tunbi) MHoroHHCJieHHbix MaccHBOB 
HopHjibCKoro paiiOHa ocymecTBjiaeTca Ha ocHOBaHHH aHajiH3a TeKCTypHO-CTpyKTypHbix h 
XHMHHecKHx ocoGchhoctch cjiaraionuHx hx nopoii h hx pacnpeaejieHHH b BepTHKajibHOM pa3pe3e. 
CymecTByiomaa KJiaccH(J)HKauHH yHHTbmaeT. b nepByio oHepeab. cieneiib 
^H(|)(J)epeHUHpoBaHHocTH HHTpy3HBHbix Tea (Tpannbi CcBepo-3ana,aa Chohpckoh njiaT(j)opMbi, 
1986). Tax, corjiacHo 3TOMy npnHunny. k HopHJibCKOMy KOMnaeKcy oTHecenbi MHoroHHCJieHHbie 
(/lecaTKH - nepBbie cothh Teji) ;iH(|)(|)epeHHHpoBaHHbie h MHHepajiH30BaHHbie b pa3HOH ctciichh 
M accHBbi noBbiuieHHOH MarneinajibHOCTH (8-16 Mac. % MgO), no^pai.aejieiiHbie na THiibi b 
3aBHCHMOCTH OT HX BHyTpCHHerO CTpoeHHfl (HHvKHHe-BepXHHC pa3HOBH,IlHOCTH UQpOJX): 
iiopHjibCKHH (riHKpHTbi-ra66po-^HopHTbi), HHXCHeTajiHaxcKHH (nHKpHTbi-ojiHBHiioBbie raGGpo), 
3y6oBCKHH (TpoKTOJiHTbi-ra66po) h KpyrjioropcKHH (ojiHBHHOBbic raoopo-jicHKoraGopo). CaaGo 
;iH(|)(|)epennHpoBaHHbie hjih He;iH(|)(|)epemiHpoBaHHbie HHTpy3HBbi ornecenbi k oroHepcKOMy 
KOMruieKcy. OanaKo TaKoe pa3aejieiiHe mbcchbob oTpawaeT cxopee ycaOBHH KpHCTajuiHiauHH 
C(J)OpMHpOBaBUJHX HX MBI'M, HCM CBH/iereJIbCTByeT OO HX npOHCXOKiieHHH. 

/Ijih HopHjibCKoro py^onocHoro KOMnjieKca xapaKTepniibi aH(|)(|)epeimHpoBanHbie (co 
cpe;uieB3BenieHHbiM coaepacaHHeM MgO = 1 0-12 Mac.%) h MHHepajiH30BaHHbie b pa3Hofi 
CTenenH MaccHBbi. Tpn xono/nnono/ioGiibix Tejia (,io 12 km nponr/Kemiocrbio, iiihphhoh jx o 2-4 
km h MoiiiHocTbio ot 20-50 ;io 350 m) - HopHjibCK 1, TajiHaxcKHH h XapaejiaxcKHH - coaepacaT 
yiiHKajibHbie no 3anacaM py/ibi. B hx BiiyTpemieM cTpoeunn ciiHiy BBepx BbiaejiaiOTCfl raGGpo- 
;iojiepHTbi: KOHTaKTOBbie, TaKCHTOBbie. nHKpHTOBbie. ojiHBHHOBbie h ojiHBHHco,aep>KamHe, 
Ge30JiHBHHOBbie, Bepxnne raKcmoBbie, Bepxune iiHKpHTOBbie (cnopajiHHecKH), BepxHHe 
KOHTaKTOBbic. a TaK>Ke jieHKoraGGpo h raGGo-aHopnrbi. BKparuieHHbie h iipo>khjikobo- 
BKpanjieHHbie py/ibi npHyponeiibi k oGaacm Komaicra MaccHBOB c bm eiitaioiun mh nopoaaMH 
(I'oAaeBCKHH. 1959; JlHxaneB. 1996|,2, 2006; Likhachev. 1994: LeiiKHH h ap.. 1981; ^HCTJiep h ap., 
1988 h t . jx .). CrienH(|)H i iecKOH nepTOH HopnjibCKHx mccto po>K,ae hhh ABjiaeTCfl h HajiHMHc MomHbix 
MeTaMOp(J)HHCCKHX H MCTaCOMaTHMCCKHX OpCOJIOB BOKpyr HHTp)'3HBOB. npeBbILUaiOmHX MOLHHOCTb 
caMHX HinpyiHBHbix nopoa (TypoBueB, 2002). 

1.2.4. Pydbt nopwibCKUx MecmopoMdenuu 

B Hopn.ibCKHx MecTOpo>KaeHHflx ycTaHOBjieHbi ABa THna pya: HJiaTHHO-Me;iHO-HHKejieBbie 
cyjib(])HaHbie h naaraHOBbie MajiocyjibcjniaHbie. FIocaeaHHe pacnoao>KeHbi b BepxHHx nacTax 
MaccHBOB H HpHVpOHeHbl K rOpH30HT\ ; . C/IO/KeHHOMV /leHKOiaGGpO. Mai MaTHHeCKHMH GpeKHHHMH, 
Hiioraa - nHKpHTOBbiMH raGGpo-aonepHTaMH. Ohh Haiioonee THnHHHbi ana MecTopo>K,neHH5i 
HopnabCK 1 (Cjinokchhkhh h ap., 1994). 



Cyjib(J)HaHbie pyaw npHyponeHbi k o6aacra KOHraicra HHrpy3HBa c BMemaiouiHMH 
nopojaMH. npeHMymecTBeHHO MH>Knero (I eoaoina h pyanbie.... 1994), xoth Hiroraa ohh 
OTMenaiOTCH h b BepxHHx anao- h aiooKOHTaicrax (OKiaopbCKoe m ecTopoxaeH He). P 33jih naiOTCH 
aBa THna pya - BKpanaeHHbie h acnabHbie. Koxopbie BcrpcHaiorcK Kax b HHTpy3HBHbix, Tax h bo 
BM emaioiUHX nopoaax. 3KCTpaopaHHapHofi ocooeHHocTbK) MecTopoacaeHHH Hopnabcxoro pafioHa 
HBaaeTCa IieCOOTBeTCTBHe MOIIIHOCTH HHTpy3HBOB H CBH3aHHbIX C HHMH pya, COCTaBasnOLIlHX ao 15 
06. % (JlnxaweB, 1996|). ripn hh3koh pacrBopHMOCTH cepbi b 6a3aabTOBbix pacnaaBax b 
6aH3noBepxHOCTHbix ycaoBHHX, cootbctctbvioiuhx KpHcxaaaH3auHH HHTpy3HBOB HopwabCKoro 
KOMnacKca. TpyaHo npcacTaBHTb ec H3Bae i ieHnc ToabKO H3 wcxoaHOH Marvibi, c(l>opMHpoBaBmcH 
KOHKpeTHOe HHTpy3HBHOe Teao. 

MHHepaabHbifl cociaB pya oniican aociaioMHo noapo6Ho b pane pa6oT (Byabxo, KyaaroB, 
1966; feiiKHH, 1968; /JoanH h ap.. 1971 2; BennoB. 1977; reiiKHii h ap., 1981; /jHCTaep h ap., 
1988; EBCTHrueeBa, reHKHH. 1990; EBCTHrHeeBa. OnaHMOHOBa, 1991; CayaccuHKHH, 2000; 
CimpnaoHOB. 2011). raaBHbiMH MHHepaaaMH HBasnoTCH nnppoiHH (reKcaroHaribubiH, 
MOHOKaHHHbiH, TpoHaHT). ncHTaaHaHT h MHHcpaabi rpynnbi xaabKonHpHTa, KOTopbic Hepcaxo 
caaraior caMOCiosrreabiibie ripoMbiiuaeHHbie 'mribi pya h xoropbie BiiepBbie 6i>ijih oxKpbiTbi b 
I'ajuiaxcKHX MecTopo>KaeiiH»x A.A. OnaHMOHOBOH (TaanaxHT, nyTopaiiHT, HHKeaHCTbiH 
riyTopanHT). OTan i inTcabHoti oco6cHHocTbio HopHabCKHx pya aBaacTca 6oabinoe pa3Hoo6pa3He 
pcaKHX MHnepaaoB. b tom HHcae h MHiiepaaoB naaTHiioBbix MeraaaoB. KOTopoe ne BcrpeHaeTca 
6oabiue b apyrwx MeaHo-HHKeaeBbix MecTopoxaeHHax Miipa. EoabuioH BKaaa b nccaeaoBaHHe 
pya h OTKpbiTHe peaKHx MHHepaaoB BHecan, xax orMeHeno Bbiuie, A.^. reHKHH, T.JI. 
EBCTHrueeBa. B.A. KoBaaeHKep h ap. 

B iiacTomuHH MOMeiiT pajpaGaTbiBaioTca 3 KpyniieHiHHX MecTopowaeiiHH b HopnabCKOM 
paHOHe - OKTflOpbCKoe, TaaHaxcKoe h HopnabCK 1. 



rJIABA 2. Oco6eHHOCTH TytjxwiaBOBOH tojiihh no reo.ioro-reoxHMHHecKHM 
iiaHHbllVI 

HopHJibCKHH pyaHbin pahoH pacnoaoaceH b npeaeaax KpynHeHuien b M«pe ChGhpckoh 
TpannOBOH npoBHHUHH, OXHOCHUteHCK K GoabUIHM MarMaTHHeCKHM npOBHHUHJIM 3eMJIH. BoJlbUIHe 
MarMaTH i iecKHe npoBHHUHH (BMII. b MeacaynapoaHOH TepMHHOJiorHH Large Igneous Provinces, 
LIP) npeacTaBJifliOT coGoh KpaiKOBpeMeHHbie (KaK npaBHao, He 6 oaee nepBbix mhjuihohob aex) 
o/iHOBpeMeHHbie npoaBaeima MarManmecKOH aKTHBHOCTH na orpoMHbix reppHTopnax 
KOHTHHeHTOB nan OKeaiiHuecKoro aoaca (Campbell. Griffiths. 1992; Mahoney, Coffin. 1997; 
Elkins-Tanton, 2000. 2005; Jerram. Widdowson. 2005; Bryan. Ernst. 2008.). K XHiiHHHbiM BMLI 
oxhocsxch KOHTHHeHraabHbie xpanrioBbie npoBHHUHH (HanpHMep. CHOHpcKaa. IlapaHa. /(eKaHCKaa 
xparmoBbie npoBHHUHH) h OKeatiHHecKHe naaxo (HanpHMep, naaxo Ouxonr-flBa). 

/Xji« oGbHcnenHH oopaiOBaiuiM BMTI npuBaeKaerca paa Macro BiaHMOHCKJiionaioinHx ranoxe3. 
HaHGoabuieH noaaepaocoH naymioro cooourecxBa noab3yioxca aBe H3 hhx. IlepBaa - Moaeab 
xcpMuaccKHX MaHXHHHbix cxpyfi. Koxopbie oGpaxyiox BMLI cbohmh «roaoBHbiMH wacxaMH» (plume 
head), nyreM aocxHweHHa bmcokhx cxenenen aeKOMnpeccHOHHoro naaBaeima ManxHHiioro 
nepHaoxHia 3a cnex BbicoKnx rioxeHHnaabHbix xeMiiepaxyp (White. McKenzie. 1988; Campbell, 
Griffiths, 1992; Dobretsov et al„ 2008). Bropaa rmiorexa. npexenayiomaa na oGbacneime 
oGpaxoBaiina KournHeHxaabHbix BMII 6e3 cyiuecxBeHHOH xeMnepaxypHOH anoMaaHH 
KOHBeK'i Hpyioineii mhhthh, npeanoaaraex oxcaocHne (delamination) h norpy>KeHHe aHXOC(])epbi c 
aaabneHuiHM xanoaHeHHCM oGpaxoBaHHoro npoerpaHCXBa ropa'ieii KOHBeKXHpyiomeH ManxHCH, 
iiperepneBaiomeH xao<e BbicoKHe cxeneHH aeKOMiipeceHOHHoro naaBaeima (cm.. HanpHMep. 
Elkins-Tanton, 2005). LaaBiibiM neaocxaxKOM nepeaHcaemibix Koimenunn aBaaexca oxcyxcxBHe 
cxporHx oueHOK ycaoBHH o6pa30BaHHa poaoHawaabHbix MarM h cocxaBOB hx MaHXHHHbix 
HCXOHHHKOB. 

CnGnpcKaa xparmoBaa npoBHHuna HMeex oco 6 oe 3HaHeHHe cpeaw BMLI. 3xo oGycaoBaeHO, 
BO-nepBbix, ee rpanaH03iibiM paxMepoM. aeaaioutHM ee KpymieHuieH KOHXHiieuxaabiioH 
6a3aabX0B0H BMLI (|)aHepo30HCKoro B03pacxa (Jlypbe. MacafixHC. 1962; Macafixnc, 1983; Sharma 
et al., 1992; /JoGpeuoB. 1997; Reichow et al., 2005. 2009). Bo-Bxopbix, ee o6pa30Banne (b 
npeaeaax xomhocxh MHorouHcaeHHbix aaxHpo bok) coBnaaaex c oaH h m h3 caMbix 3HaaHxeabHbix b 
HexopHH 3eMan MaccoBbix BbiMHpanHH >kh3hh 251 MaH. aex na3aa na rpaHHixe naae030HCK0H h 
MexoxoHCKOH ap h noaxoMy npeanoaaraexca ripiiMUHOH axofi Kaxacxpo(|)bi (Campbell et al., 1991; 
Kamo et al., 2003; White, Saunders, 2005). M. B-xpexbwx, b ee ceBepo-3anaaHOH uacxn 
aoKajiHXOBaiibi RpyriHeHLiiue b Mupe naaxHHOBO-MeaHO-HHKeaeBbie cyab(|)HaHbie Mecxopoacaeima 
(floaHH h ap., 1971; ^(k»khkob h ap., 1988: Teoaorna h pyaHbie ....,1994). 3xh yHHKaabHbie 



oco6eHHOCTn cHowpcKHx TpannoB noKa He HaxonsT ootHCHenHa b npenenax cvihhoh 
nenpoTHBopeHHBOH MOflejiH hx o6pa30BaHHK. CnGnpcKaa npoBHHnna oxBaTbiBaeT 6ojibuiyio nacTb 
Boctohho-Ch6hpckoh naaT(j)opMbi, nacTb TafiMbipa h 3ananHO-CH6HpcKon ruiHTbi (phc. 1); b 
npeneaax nocaenHen b peiyjibrare Gypenna non ocanoHHbiMH noponaMH Gbian ycTanoBiienbi 
rjiy6oKonorpy>KeHHbie (Ha 3-7 km) ByjiKaHHTbi (MacafiTHc. 1983; AnbMyxaMenoB h np., 2000; 
MenBeneB. 2004). 

riepnon HHTeHCHBHoro H'jyHeHHB Boctohho-ChOhpckoh njiaT(J)OpMbi oxBarbiBaer 60-70-bie 
io;ibi npouiaoro CToaerna. Korna npoBonwaHCb njiaHOMepHbie reoaoro-cbeMomibie paooibi 1:1 
000 000, 1:200 000 h 1:50 000 (Ha H3opaHHbix ynacTKax) MaciuTaOa. TpynHonocTynHOCTb 
reppHTopHH, ynacTHe pasannubix opraHH3anHH b otoh paooTe. a Taioice oTcyTCTBHe coBpeMenHbix 
MeTOflOB HccjieaoBaHHH BemecTBa npHBejiH k TOMy, hto ana oTaeabHbix HacTefi npoBHHUHH 
pajpaGoranbi cboh co6cTBennbie cxeMbi pacHJieneiiHH ByjiKaiiHHecKHX h Hiirpy3HBHbix nopoa, 
KOTOpbIC B HaCTOfllUHH MOMCHT OHCHb TpyaHO c6HTb MOKny COOOH. OGoGlUaiOUIHX paGoT Ha 3Ty 
reMy ony6jiHKOBaHO omchb viano. K hhm, b nepByio onepenb, movkho othccth cbo/ik)' B.B. 
3ojioTyxHna c coaBTopaMH (1978) h (Sharma. 1996). onyGnHKOBaHHyto rocynapcTBCHHyio Kapry 
1:1 000000. OciioBiiasi Macib MaTepwaaoB no reoaorH i iecKOM\ crpoeiiHio TeppHTopHH conepvKHioi 
b (|)onaax. 

riojiyMCHHc b nocneaHHc roabi npenH3HOHHbix aaHHbix no tcoxhmhh nopoa HopnjibCKoro h 
M aHMCHa-KoTyncKoro patfonoB (OenopenKO. 1981; OeaopenKO h ap.. 1989; Lightfoot et al., 1990. 
1993, 1994; Fedorenko et al., 1996; Arndt, et al.. 1993. 1998: Fedorenko & Czamanske, 1997; , 
2003) iio3BOJiHJio bo MHoroM nepecMorpeTb crpoenne h Hcropmo paiBHTHH TpannoBoro 
ByjiKaiiH3Ma. oanaKo nonnaa KapTHna ocTaeTca no chx nop hchchoh. nocKOJibKy Koppenamifl 
Bbiaeaeniibix b pajnbix CTpyicrypiibix 3onax cbht no chx nop He ocymecTB.nena na Case 
coBpeMeHHbix reoxHMHHecKHx MeTonoB. BbinonHeHHbie paHee KoppenauHH He Bcerna 
OKa3biBaK)rcH iiane>KiibiMH. nocKonbKy conocTaBasnorcs) pa3Hbie no nerpoxHMHH 6a3anbTbi h 
T y(|)bi. cocTaBbi KOTopbix He npoananHJHpoBaiibi na penxne nneMeHTbi. Xopomo conocTaBaaioTca 
Meacay coGon a h inb cyGmeaoHHbie noponbi naMaabiioro OTana ByaKaiiH3Ma h Hacrnmio - 
TOJienTOBbie nop(j)npoBbie 6a3anbTbi ero raaBHon (j )a3bl - Ho Bee 3 to HenocTaronno ana 
Bocco3nariHa oGuten hctophh pa3BHraa BynKaHH3Ma b npenenax Been hpobhhuhh b nejioM. 

FIosTOMy ana cyncaeHna oo oGmnx iaKoiioMepnocrax pa3BHTna TpannoBoro MarM3TH3Ma b 
pafione neoGxonnMO npOBOaHTb neTanbnbie reonoro-reoxHMHHecKHe nccaenoBanna 
ByaKaHHHecKHX h HHTpy3HBHbix nopon b npeneaax pa3Hbix naHKaTHBHbix cxpyicryp. Mmchho 
T axon nonxon npHMeHeH h3mh nan HCcaenoBaHHa ByaKaHHTOB HopnabCKoro pafiona. pe3yabTaTbi 
KOToporo H3aaraioTca HHace. 



2.1. HCTOpHH H lipOO.ICMbl H3VMCHIIH BY.IKilIIH I OB B HopiI.IbCKOM pUHOIIC 

HanGonee Ba>Kiioe 3HaneHHe ana noHHMaiiHa oGmeii hctophh pa3BHTna TeppHxopHH HMeeT 
HopwabCKHM paiioH. xapaicrepHayioiHHHCfl ocoobiMH wepTaMH reojiorHwecKoro crpoeiiHa: 
6ojibiuoH MomHOCTbio ByjiKaHoreHHbix o6pa30BaHHH (3.7 km), npiicyTCTBiieM b pa3pe3e napaay c 
III H pO KO paCnpOCTpaHeHHblMH TOJieHTOBbIMH OaiaTbTaMH CyGmeaOMHbIX H nHKpHTOBbIX 

pa3HOBHHHOCTeii nopoa, a xaK>Ke Haan i iHeM yHHKaabHbix Pt-Cu-Ni Mecropo/Kaeii hh b 
y ji brpaoaanr-oa3 htob bix HHipy3HBHbix KOMimeKcax. Bee 3 to coaaaer ripeanocbuiKH ana 
ycneuiHoro peuieHHa npoGneM npoHcxoacaenna orpoMHbix oGbeMOB MarMaTHHecKHX nopoa b 
OT aeabHbix 6aoxax 3 cmhoh Kopbi h hx pojia b o6pa30BaHHH cynepKpynHbix MecTopoacaeH hh, He 
HMeioniHx aHaaoroB b \iwpe no janacaM h uchhocth MaiMaTHHecKHX cyab<|)HaHbix pya. 

IIopnabCKHH paiioH H3yneH HaH6oaee aeiaabHO no cpaBHeHHio c ocTaabHbiMH nacraMH 
npoBHHUHH b cbh3h c ero pyaonocHOCTbio. Ero CHcreMaTHHecKoe H3yMeHHe Gbino HanaTo b 40-50- 
bie roabi CneiiTOM IO.A., /JoMapeBbiM B.C., OoMHiibiM 11.C.. THMauiKOBbiM H.A. h ap., HbH 
MarcpHaabi BiiocaeacTBH h nocnyaoinH ochoboh ana cocTaBneHHa rocyaapcTBCHHoii 
reoaorH'iecKOH KapTbi MaciHTaGa 1:1000000 ana nncTOB R-46.47 h R-44.45 (TocyaapcTBCHHaa..., 
2000). OciiOBbi pacwaeHeHHfl nopoa ByaKaHoreHHoii TonniH Gbinn Tanowenbi b KOHue 1950-bix - 
iianane 60-bix roaoB 20 b. bo Bp avia pa Honanbiibix reonoro-cbeMoniibix h reoaoro-noHCKOBbix 
paGoT. raaBHbie cBHTbi GbiaH BbiaeaeHbi r./E MacaoBbiM (1961), J\.A. TloanHbiM. 

>I.M.IIoabKHiibiM. B 1993 roay peaKonnerncH «TaHMbipreonKOMa» Gbiaa VTBepacaena "Onopnaa 
aercHaa reoaornnecKOH KapTbi MacniTaGa 1:50000. cepua 1lopnabCKaa”, KOTopaa aBnaeTca b 
Hacroamee ispeMa ochoboh aaa nponiBoacTBa Bcex BHaoB KpynHOMacuiTa6Hbix reoaoropa3BeaoHHbix 
paGoT b llopMabCKOM paiioHe. BynKaiioreimaa Toauia noapaiaenaeTca na 11 cbht (ciiHiy BBepx. puc. 
1. raGa.2.1), cpeaH KOTopbix BbiaeaaioTca: BbicoKOTHTanHerbie (HO 2 > 2-3 Mac.%, cyGmenoniibie 
h nHKpHTOBbie 6a3aabTbi) - HBaKHHCKaa (iv). cbiBepMuiicKaa (sv), rya'iHXHHCKaa (gd) - h 
hh3koth raHHCTbie (TiOj < 1 Mac.%, ToaeHTOBbie 6a3aabTbi) - xaKaHHaHCKaa (hk), xyKnoncKaa (tk). 
iiaae)KaHHCKaa (nd), MoponroBCKaa (mr). MOKynaeBCKaa (mk). xapaenaxcKaa (hr), KyMTHHCKaa 
(km) h caMoeacKaa (sm) (EeonorHHecKaa Kapia ... , 1994). Hx npHimnnHanbiiaa xapaKTepHCTHKa 
(neTporpatjiHa, neTpoxHMHa, reoxHMna. MiiHepaabiibifi cocTaB) aaHa b paae paGoT (/Ioann. 1967, 
/(oaHH h ap., 1971 1 ; BacHnbeB. 3oaoTyxHH. 1975; 3oaoiyxHH h ap., 1984; TeoaoiHHecKoe 
cTpoenne ..., 1994; PaooB h ap., 2000). Ebiao ycTanoBaeHo (Jlnua. LU,eKOTopypoB.1991), hto 
nopoabi HBaKHHCKOH CBHia oGaaaaiOT oGpaTiion naMarHHHenHOCTbio h. caeaoBareabiio, Gbum 
c(|)opMHpoBaiibi b no3aneH nepMH, hto Hamao OTpaxceHHe Ha KapTax. 



TaGnHua 2.1. Cxexta CTpaTHrpa(j)HHecKoro pacnjieHeHHH ByjiKaHoreHHbix iiopo^ HopH.ibCKoro 

panona (FeojiorHHecKaa KapTa..., 1994; c H3MenenHflMH aBTopa) 
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/I,jih CTpoeHHfl ry(|)OJiaBOBOH tojiluh b ueaoM xapaicrepHO MepejiOBaHHe b pa3pe3e noKpOBOB 
oaiajibTOB h ropH30HTOB FiHpoKnacTHHecKHx h ByjiKaHoreHHo-ocajxoHHbix nopou. IIocaeuriHe 
Hepe/uco couepacar ocraTKH HCKonae\ion (Jxjiopbi, no KOTopbiM onpeaeaaaca B03pacr nopou. TycJ)o- 
jiaBOBaa TOJima ueaHTca Ha UBe Haem: hhhchiok), BKaionaiomyK) oopa30BaHHH HBaKHHCKon - 
HaAOK^HHCKOH CBHT H OTJIHMaKHUyiOCfl KOHTpaCTHbIM COCTaBOM (UH(})(|)epeHUHpOBaHHa5I CCpHfl 
;iaB, oTBenaiomaa no cocraBy meaoHHbiM, yjibTpaocnoBHbiM n nopoaaM nopMajibnoro paua 
nOBbimeHHOH KpeMHeKHCJlOTHOCTH) H BepXHIOK). OOte^HHAIOmyK) ByjlKaHHTbl MOponrOBCKOH - 
caMoe^CKOH cbht, xapaKTeprnyioiuyiocfl CTaGnabHbiM xh m h nee kh m coctbbom n 

cooTBCTCTByiomyK) nopouaM HopMaabHoro paaa. nopoabi hhhchch tojiluh, oTJiHHaiOLUHecfl 
KonxpacTHbiM h BapnaiiHHMH cocxaBa, OTHerjiHBO no;ipa3uejiHKrrc« na CBHTbi, Koropbie xopomo 
unarnocmpyioTCH b noaeBbix ycjiOBHax n KapmpyiOTCH na Mecmocm. Ilopoabi Bepxnen tojiluh 
oneiib 6jih3kh no cbohm neTpo-reoxHMHHecKHM xapaierepncTHKaM n TeKCTypno-crpyKTypiibiM 
ocoGchhocthm, nooTOMy nx pacnjicneHne cnjibHO 3aTpyuneH0. Hx ueaenne na cbhtbi, a tcm Goaee 
na noucBHTbi. He Bcerua oGocHOBaHO, nocKOJibKy HaGaiouaiOTCfl cyiuecTBCHHbie Bapnaunn 
CTpoenHfl n cocxaBa Bepxnen Haem tojiiuh no npocmpaiiHio. OrcyrcTBHe na;ie>Kiibix 
MapKHpyioiunx ropH30HTOB Macro uejiaer HeB03M0>KH mm iipoBeaenne rpannu MGTKjxy cbh raMH. 
EuHHCTBennbiM nauoKHbiM penepoM HBaaeTca MOiunbin (20-100 m) noKpoB nioMeponop(|)HpoBi,ix 
6a3ajIbTOB B OCHOBaHHH MOKyaaCBCKOH CBHTbi (HaaaMHCKHH nOKpOB), KOTOpblH n03B0aaeT TO MHO 
ycranoBHTb rpannuy Mea<ay MoponroBCKofi h MOKyaaeBCKOH cBmavin na BocroKe HopnabCKoro 
panoHa, a xaioKe b npeaeaax naaro riyTopna. B caynae ero otc>tctbh5i b 3anaaHOH naern 
TeppHTOpHH 3Ta rpannua Macro Tarace cranoBHTCH ycjiOBHOH. HanGojibiune cjioaaiocm 
B03HHKaiOT upH npoBeaenHH rpannu cpeuHHx cbht - xaKaiiHancKOH. TymiOHCKofi h 
H a/lOKJIH H C KO H, B KOTOpbIX CyLUeCTBCHHOC NieCTO 3aHH\iaK)T TOaeHTOBblC Ga3aJIbTbI, 
pacnoaaraiouiHeca upyr Hau upyroM b pa3pe3e. 

HOBblH 3Tan HCCaeUOBaHHH, n03B0JIHBIUHH BO MHOrOM yTOMHHTb COCTaB H CTpoenne 
ByaKanorennbix nopou parioHa. CBH3aH c npuMencHHCM hobwx reoxHMHMecKnx mctouob - 
H3yMeHHe\i pacnpeueaeHHH peuKux 3ae\ieHTOB b nopoaax h nccaeuoBaHHeM hx H30T0iiHbix 
xapaicrepHCTHK. Hanaro ero cbh3hho c paGora.MH W.J\. BoaKOBa (1963), KXA.BaaawoBa h f.C. 
IlecTepeHKo (1966), r.C.HecTepeHKo h up. (1964. 1973, 1991) h up. Ho ochobhoh oGtcm 
Hii(|)opMauHH noayMen b TeMenne nocaeannx 20 aeT (Lightfoot et al., 1990; 1993; 1994; 2007; 
Brugman et al., 1993; Wooden et al., 1993: Howkesworth et al., 1995; Fedorenko et al., 1996; 1997; 
Kamo et al., 2003; Haaaperr. 2003; Naldrett. 2002, Keavs & Lightfoot 2010). Ha ocHOBaunn 3thx 
uanHbix Gbiao noKa3ano, hto hldkhhh h BepxnaH T\(J)o-aaBOBbie Toaiun oTanMaioTca Meacay coGoh 



riOBblllieHHblM (>2) H riOHHvKeHHblM (< 2) Gd/Yb OTHOUieHHeM COOTBeTCTBeH HO. BblJIO 
ycTaHOBjieno, hto 6jiH3KHe no cocTaBy TOJiemoBbie oa3ajibTbi tvkjiohckoh h HaaeacaHHCKOH cbht 
oGaaaaiOT paiannubiMH cnempaMH pacnpeaeaenna peaKHX 3jieMeHTOB, iio3bo;ihioiuhmh HaaeacHO 
OTJiHnaTb nx apyr ot apyra. BaacHbiM OKa3aaocb h ycTaHOBJieHne oGeaHeHHOCTH b Tpn pa3a 
HH>KHeH naCTH Ha^e>K^HHCKOH CBHTbl UBCTHblMH MCTaJUiaMH (TaK, COflep>KaHHfl Cu. B MaCTHOCTH, B 
lien cocTaBJiaiOT 20-30 ppm no cpaBiienmo c 80-100 ppm b apyrnx cBHTax). 

OjxmKo TaKHe pa6oTbi Gbian BbinoaHeHbi TOJibKO Ha ripnviepe pa3pe3a 6a3ajibTOB 
XapaejiaxcKon Myababi (ckb. CF-9 h CT-32), aonoanennoro pa3pe30M r. Cynayx (pa3pe3 IF). 
Meacay tcm paHcc Gbijio noKa3aHO (/loaHH, 1967; 3ojiOTyxHH n ap., 1986; CrapoceabneB. 1989; 
Pa6oB n ;ip., 2000), hto pajiibie CTpyicrypHbie 3;ie\ieHTbi reppmopHu xapaKTepnsyiorca pa3HbiMH 
pa3pe3aMH, noaTOMy aaa noayneHHa nojiHOH KapTHHbi 3BoaioitHH \iarMaTH3Ma b panoHe 
neoSxojiHMO ripoBecrn njyHenne crpoenna ByaKannroB b pa3iibix nacTax panona. IIpnoTOM 
pe3y.ibTaTbi 3 thx HCCJie^oBaHHH Moiyr npwBOiiHTb k npHHUHnnajibHo hhum BbiBoaaM no 

CpaBHCIimO C TaKOBbIMH, nO^yneHHblMH Ha OCHOBaHHH H3VHeHHa eaHHHHHbIX pa3pe30B. I lpHMepbl 
TaKHx uccooTBeTCTBHH npoaeMOHCTpnpoBaHbi b paGoTe (Krivolutskaya et al. f 2009). 

I IoribiTKH onpeaeaenna BoapacTa MaiMarnHecKHx nopoa panona npeanpHHHMaancb 
Heo^HOKpaTHO. Cnanaaa ohh Bbrnoanaancb 40 Ar- 39 Ar MeToaoM no naarnoKaaay n BajiOBOMy 
cocraBy nopoa JU\h HBaKHHCKon, cbiBcpMuncKon. ryaHHXHHCKon n xapaeaaxcKon cbht (Renne & 
Basu, 1991;, Dalrymple et al., 1995; Campbell et al„ 1991). Bee ohh aaan B03pacr 243.5-245.3 
O/uiaKo aanHbie ana pyaonocnoro nurpyanBa HopnjibCK 1. npopbiBaiomcro 3 th CBHTbi, noKa3ann 

Goaee apeBimn Boapacr 248.7±2.4 h 249.2±2.4 Ma. 

2.2. PeiyjibTaibi ihyhciihh By.ikaim'icckiix nopoa Hopiuibckoio paiiona 

MiyHeime ByaKanoremibix nopoa ocymecTBJiaaocb aBTopoM b ochobhom no KopennbiM 
oGnaaccHnaM (nacTb pa6oT BbinoaHena cobmcctho c reoJioraMH OOO «HopHnbCKrconorna» b 
nponecce npoBeaenna cbeMOHHbix paGor 1:50000 \i-6a, otb. hch. B.H.MnxanaoB). a raicKe no 
CKBa>KHHaM (pnc. 2.1). 

Ana xapaKTepncTHKH ByaKaHoremibix nopoa npiiBoanTca aeTajibnoe cTpoenne pa3pe3a, 
BbinoaHCHHoe aBTopoM cobmcctho c A.B. PyaaKOBOH. noayneHHoe no cKBaa<HHaM, npoGypeHHbiM 
b ceBepnon nac i H HopnabCKon Myababi npn paiBeaxe MacaoBCKoro MecropoacaeHna, Koropbin ne 
nauiea OTpaaceHna b paGoTax npeawayuinx nccaeaoBaTeaen-reoxHMHKOB. 

OcnOBnaa nacTb paGoT no H3VHenHio BvaKanorennbix nopoa Bbinoanena b boctohiioh nacTH 
panoHa, HanMCHee inyHCHHon coBpe\ieHHbiMH MCToaaMH. .flaHHaa TeppHTopna Bbi3biBaeT ocoGbin 
HHTepec, nocKoabKy 0Ha npnyponeHa k ceBepHoviy nepHKaHHaabHOMy 3aMbiKaHHK> XaH rancKO- 



PbiOHHHCKoro Bajia. paMejunomeMy HopHJibCKHH pafioH Ha,iBa CTpyicrypHO pa3JiHHHbix onoKa: Ha 



Phc. 2.1. KapTa (J)aKTHHecKOro MaTepwajia: nojioaceHHe H3yneHHbix pa3pe30B ByjncaHHTOB 
Ha TeKTOHHHCCKOH cxeMe IIopH.ibCKoro panoHa (no MnxanjiOBy, 2003(J)) 






YcjioBHbie o6o3HaHeHHs:l - ByjiKaHHTbi xpannoBOH (jjopMauHH, 2 — otjiokchhh TyHryccKoii 
cepHH, 3 - TeppnreHHO-KapooHaTHbie nopoabi. 4 - pa3JioMbi (1 - EHHceH-XaTaHrcKHH, 2- 
HopHJlbCKO-XapaejiaXCKHH, 3 - MHKHaHTJlHHCKHH, 4-PlMaHrjlHHCKHH, 5 - JlaMCKO-JleTHHHCKHH), 5 
- HHTpy3HBbI H HX HOMepa (CM. Ta6jl.3.1), 6-7 - CKBa>KHHbI. B KOTOpbIX H3yneHbi: 6 - ByjiKaHHTbi H 
HHTpy3HBbi; 7 - ByjiKaHHTbi. npjiMoyrojibHHKaMH ooo3Ha i ieHbi pafioHbi aeTajibHbix HccaejiOBaHHH 
•)(])(})y3HBOB. 8 - nojicmeHHe o6pa3ijOB gd iihkphtob c H3yneHHbiMH pacnjiaBHbiMH BKjiioHeiiHHMH, 
hx HOMepa. 9 - noaoweHHe pa3pe3a. noKa3aHHoro Ha phc.2.18. Ckb. Cr-9, CX-32 h pa3pe3 IF H3 
paOoT (Lightfoot et al.. 1990. 1993,1994: Fedorenko et aL 1996). 

3anajje 3 to HopnabCKo-XapaeaaxcKHH upornG. a Ha Bocroxe - aaiiajiHH nacTb TyHryccKOH 
CHHeKJlH3bl (pHC.1.3). Pa3BHTHe MarM3TH3Ma, KaK 3TO 6yaeT npOaeMOHCTpHpOBaHO HH>KC, 
iipoHcxojjH.no no-pa3HOMy na 3thx reppmopnax. I Iootomv H3yHenHe crpoenHS ByjiKaHoreHHOH 


T.V 
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Phc. 2.2. FjiaBHbie rniibi cneicrpoB juih ByaKaiiorennbix nopoa HopnabCKoro panona 

(no aaHHbiM aBTopa. npHaowenHe 2) 

tojiihh b 30He nepexoaa ot pn(|)ToreHHoii cTpyKTypbi k nnaT(|)opMeHHOH o6cTaHOBKe ocooemio 
HHTepecHO, HMeHHO 3jiecb iiojiyMeiibi naHooaee BecoMbie pe3yabrarbi no Byji KaHO reH HbiM 
nopoaaM. OcuoBHbie 33K0 HOMepHOCTH, BbiaBaeHHbie Ha pamiHx 3Tanax hjvhchhh apyrnMH 
reonoraMH, no;iTBep>KjieHbi h juih boctohhoh nacTH FlopHabCKoro panona: 1) nojiyneHbi 
xapaKTepncTHKH raaBHbix cbht Ha ochob3hhh pacnpeaeaenna b riopoaax peaKHx aaeMeiiroB (puc. 
2.2) h 2) ycTaHOBaeHO aByaaennoe crpoeHHe pa3pe3a. OTpaacatomee BapnauHH TyiJio-aaBOBOH 



xoamn no cocxaBy (pnc. 2.3). Ha\in a<e BnepBbie 00Hapy>KeHbi BbiC0K0MarHe3naabHbie nopoaw b 
cocTaBe iiazioiciHHCKOH cBHTbi, KOTopbie 6yayx orincaiibi Hnace. 

OdufaH xapciKmepucmuxa eyRKanoeennux nopod pauotta net npuuepe HopwibCKoit Myjibdbi 

Hopnabcxaa Myabaa, ByaKaiinHecKne nopoabi Koxopon b reoxHMnnecKOM oTHomeHHH 
ocxaBajiHCb npaKXHMecKH HenxyMeHHbiMH. npeacxaBaaex ocoGbin HHxepec b cbh3h c 
pacnpocxpanenneM b ee npeaeaax MHoroHncaemibix HHxpy3HBHbix oGpaiOBannn HopnabCKoro 
KOMiuiexca c BKpanjieHHbiMH hjih cnaoiuHbiMH pyaaMH (.MecropoameHna HopnjibCK 1. Hopnabcx 
2, Boabmaa Bapbepnaa. HepnoropcKoe n MacjioBCKoe m ecropon<ae 11 n a), aoKaaH30Baimbix 
MaKCHMaxibHO BbicoKo epean ByaKaHoreHHbix nopoa b npeaeaax HopnabCKoro panona 
cpeaiien wacxn paspeia ryxjxwiaBOBon xoamn. Taxafl reoaornwecKaa cnxyanna no3Boaaex 6 ojiee 
apryMeHxnpoBaHHo noaxoanxb k pemeHHio npo 6 aeMbi KOMarMaxnHHoexn nHxpy3HBHbix h 
3(^4>y3HBHbix o6pa30BaHHH, nocKoabKy b oanoM pa3pe3e naoaioaaioxca HenocpeacxBenubie 
reoaornMecKHc BianMooxHomeHna Meacay raoGpo-aoaepnxaMn h ByaKaunxaMH. B apyrnx 
naHKaxHBHbix cxpyxxypax panoHa rioaoSHbie MaccHBbi cocpeaoxoneHbi na 6 oaee hhxkhx 
cxpaxHrpa<|)HMccKHx ypoBHax. npenMymecxBeHHo b ocaaoHHbix oxamKcunax aeBOHa, 
noacxnaaiomnx ByaKanoreHHyio xoamy (XapaeaaxcKnn n. wacxnHHO, TaanaxcKnn HHxpy3HBbi c 
GorarbiMH naaxniio-Meaiio-HHKeaeBbiMH pyaaMH b XapaeaaxcKon Myabae; Boaoronano- 
Hhchhckhh KHxpy3HB c npoacnnKOBo-BKpanacHHbiM opyacHCHHCM b BoaoronaHCKon Myabae), 
noaxoMy npoBoanxb nx conocxaBacHHC c aaBaMH XHaanxenbiio xpyanee. KpoMC xoro. b expoennn 
I IopnjibCKOH Myababi ripHHHMaiox ynacxne nopoabi Bcex cbhx. ncnoab3yeMbix b Moaeabiibix 
noexpoennax (|)op\iHpoBanna Meciopoacaennn panibix aBxopoB (ryaHHxniiCKon. xyKaoiiCKon, 
naaoKanucKOH h mo po htobckoh). hxo no3Boaacx aexaabiio paccMoxpexb Bonpoc 06 hx 
KOM arMaXHHHOCXH C HHXpy3HB3MH HOpHabCKOrO KOMnaeKCa. 

Pa3pe3bi ByaKaHoreHHofi xoamn H3yMaancb xax no CKBaamHaM. pacnoaoaceHHbiM Ha ceBepe 
HopnabCKon Myababi. rax n b ecxecxBeHHbix ooiia/Keiinax b bocxohhoh naern panona. B KanecxBe 
onopnbix Gbian BbiGpaiibi cKBaacmibi OM-6 n OM-25. BCKpbiBUjne ByaKanoremibie oGpaJOBanna b 
neHxp aibHon n bocxohhoh nacxax Myababi mo nnocxbio 1 1 0 On n 7 0 Om co ciBexcxBeHHo n 
pacnoao>KeHHbie Ha paccxoaHnn 5 km apyr ox apyra (pnc. 2.1). 3xo no3Boanao npocaeanxb 
H3MeHeHHH cxpoeHna n cocxaBOB nopoa no aaxepaan b npeaeaax Myababi. BaaaibiM KpnrepneM 
npn Bbioope cKBa>KHHbi OM-25 ana aexaabHoro H3yHeHna aBnaocb npucyxcxBHe epean 
ByaKaiiHxoB MaaoMomnoro cnaaa nopnabCKoro Ko.MnaeKca - anoij)H3bi MacaoBcxoro Hnxpy3HBa, 
coaepacamero Goraxoe npoacnaKOBO-BKpanaeHHoe MeaHO-HHKeaeBoe opyaeHeHne. FIocaeaHee 
oSexoareabexBO aaex B03M0)KH0CXb noavnenna aonoaHnxeabHon HH<j)opMauHH o reHexnnecKOH 
B3aHMOCBa3n Hiixpy3HBHbix h 3<J)(j)y3HBHbix nopoa panona. 







(.aaHHbie no cocTaBaM nopo.ii - b IlpHJioHceHHH 2) 



ripw aexaabHOM H3yneHHH ByaicaHoreHHbix nopoa HopwibCKOH Myababi ycraHOBaeHo ceMb H3 
yKa3anHbix Bbinie oaHHuaauaxH cbht, xapaKxepH3yiouiHX hh>khiok> noaoBHHy Bcero pa3pe3a 
6a3ajibTOHaoB HopHjibCKoro pafioHa (phc. 2.4). Hanooaee moiuhwh paxpex nopoa TpannoBOH 
<J)opMauHH onucaii no cKBa>KHiie OM-6 b neurpaabiion nacxn CTpyKTypbi, a ooaee coKpameinibin - 

B BOCXOHHOH H3CTH MyjIbAbl. OTHeceHHe nOKpOBOB K XOH HJ1H HHOH CBHTe npOBOaHaOCb B 
COOTBeTCTBHH C XapaKTepHbIMH MOp(|)Oj30rH l ieCKHMH H TeKCTypHO-CTpyKTypUblMH 0 C 06 eHH 0 CTHMH 

cjiaraiomHx hx nopoa CZloaHH h ap.. 197b) c nocaeayiouiHM yroHHeHHeM rpaHHu no 
reoxHMHHecKHM aaHHbiM. CaeayeT oxMexHXb, hxo npaxxHHecKH Bee noxoKH HMeiox hh>ichioio h 
B cpxHioK) (6oaee MomHyio) MHHaaaeKaMCHHbie 30Hbi. mxo no3Boaaex yBcpeHHo paxannaxb hx b 
pa3pe3e. 

MeaKUHCKCiH ceuma 3aaeraex coraacHo Ha xeppnreHHbix nopoaax xymyccKOH 
cepHH. /(a a caaiaioniHX ee nopoa XHiiHHHa xeMiio-cepaa ao Hepiion oxpacKa, xohko- 
MeaKOKpHcxaaaHMecKaa cxpyxxypa h nopijinpoBaa xexcxypa. B neHxpaabHOH >iacxn Myababi CBHxa 
cocxohx H3 a»yx noacBHx. paxaeaeHHbix aByxMexpoBbiM caoesi xy<J)OB. Humhhh h3 hhx caowena 
aByMfl noKpoBaMH nop(|)npoBbix (aa6paaopoBbix) 6a3aabxoB MouiHocxbio 19.9 h 7.4 m. a aepxnm - 
xpeMsi noroKaMH 6oaee KHcabix aHae3HHOBbix 6a3a;ibxoB. Momnocxb xoxopbix cooxBexcxBeHHO 
cocxaBaaex 39.1; 18.0 h 15.5 m. B noaouiBe naMKH xaaeraex npocaon neanxo-ncaMMHxoBbix xyi|)OB 
Moinnocxbio 2 Mcxpa. 06maa Moumocxb cBHXbi b neuxpaabHOH nacxH Myababi aocxHracx 105 m, 
a a a bocxohhoh wacxn xaxnx aamibix Hex, nocKoabxy cKBaacnna OM-25 hc Bcxpbiaa HBaKHHCKyio 
CBHXy. 

Baxaiibxbi cbieep.uuncKou ceumbi CMenaiox BBepx no paxpexy nopc|)HpoBbie 
6a3aabXbi HBaKHiiCKOH CBHXbi h oxaeaaioxca ox hhx npocaoeM neaHxo-ncaMMHxoBbix xytjiOB 
MomHOCXbio 1 m c neacnocaoHcxoH xexcxypoH. Oiih xapaxxepHxyioxca xoaenxoBOH cxpyKrypon h 
M accHBHOH xeKcxypofi. Hx oxaHHHxeabHOH ocooeHHocxbio aBaaexca xeaeHOBaxo-cepaa oxpacxa 
BcaeacxBHe paxBHtna BxopHHHbix MHHepaaoB b nopoaax. a xaoce iieGojibinaa MomHocxb noxoKOB 
(b cpeaneM 4-6 m) c 6 oaee mouihumh no cpaBnenmo c noxoxaMH apyrnx cbhx 
MHH aaaeKaMeHHbiMH 30H3 mh (1-3 m). B cocxaBe cbhtm ycxaHOBaeno 18 noxoxoB GaxajibxoB. 
Meacay oxaeabHbiMH noxoxaMH BbiaBaeHbi 3 MaaoMouiHbix npocaoa xv<J)ob h xytj)o6peK i iHH (0,4, 
0.3 h 1.2 m). Oomaa MomHocxb CBHXbi cocxaBaaex 129.5 MexpoB b neHxpe h oxoao 100 m - Ha 
Bocxoxe Myababi (HenoaHaa, h3cxhhho Bcxpbixaa ckb. OM-25). 

II o p o a bi ? y d •/ u x u ii c k o u c e u m bi pacnoaaraioxca b cxpaxnrpa(|)HHecKOM 
pa3pe3e Bbiuie GaxaabxoB cbiBepMHHCKofi cbhxw h oxaeaaioxca ox hhx npocaoeM xy({)OB aaeBpo- 
ncaMMHxoBoii pa3MepHocxn. B neHxpaxbHofi nacxn Myababi MomHocxb xy<|)OB cocxaBaaex 0.6 
MexpoB, na ioro-BoexoKe - 0.3 Mexpa. flaa Bcex nopoa CBHXbi xapaxxepen 6oaee MeaanoKpaxoBbiH 



oGjihk, neM aaa Bcex ocTanbHbix pasnoBHaHOCTeH 6a3aabTOB Bbime- h HHHceaeHcaiUHx cbht, 
OOyC-lOB.ieHHblH npHC>TCTBHeM B HHX CHJlbHO H3MeHCHHOrO OJIHBHHa. CBHTa COCTOHT H3 JlByX 
nOACBHT - HHyKIieH H BepXHCH. K HUJICHeU noaCBHTe OTHOCHTCa aBa nOTOKa nOJ!H(J)HpOBbIX TeMHO- 
cepbix 6a3anbTOB c MeaKOKpHCTaaaHuecKOH CTpyKTypofi, b KOTopbix bo BKpanjieHHHKax 

naGaioaaiOTca raoMeponop(|)HpoBbie cpociKH naarHOiaia3a h oanBHua pa3\iepoM ne 6ojiee 2 mm. 
Mouuiocth noTOKOB b ueHTpe Myababi aocTHraioT 34,2 h 9.9 MeTpaM. a na nepH^epnn 26,2 h 
oGycaoBaemibifi npHcyTCTBHeM b iihx cnabiio n3Meneimoro oauBHiia. CBHTa coctoht H3 aByx 
noaCBHT - HHHCHCH H BCpXHefi. K HUJtCHeU noaCBHTe OTHOCHTC5I aBa nOTOKa nOJIHCj)HpOBbIX TCMHO- 
cepwx 6a3ajibTOB c MeaKOKpHCTaaaHuecKofi crpyicrypofi, b Koropbix bo bK pa i i ae h h h xax 

iiaojiioaaioTCH rjioMeponop(j)HpoBbie cpocTKH naarnoKaa3a h oaHBHiia paiMepoM lie Goaee 2 mm. 
Moiuhocth hotokob b ueHTpe Myababi aocTHraioT 34.2 h 9.9 MeTpaM, a ua nepH(|)epHti 26,2 h 
11,7 M COOTBCTCTBeHHO. Mc>Kay HHMH OTMeuaCTCfl aOCTaTOHHO MOLUHblfi npOCJlOH Ty(j)OOpeKHHH 
(139 m b ckb3>khhc OM-6 h 8,7 m b CKBa>KHHe OM-25). Bepxunn noacBHTa caoweHa tcmho- 
cepbiMH c GypoBaibiM ottchkom cpeaHeKpHCTaaanuecKHMH hhkphtobi>imh 6a3aabiaMH c 
e/iHHHHHbiM ManoMomHbiM (0,8 m) npocjioeM t>(|)ob. B pa3pese uempaabnofi nacra Myababi 
ycTanoBJieno 8 hotokob GajaabTOB MomnocTbio or 7.8 ao 22.7 m. K ioi o-boctokv hx KoaHHecTBO 
cHHwaeTca ao 4-x h hx MouuiocTb cviucctbchho yMeHbiiiaeTca (ao 2.3-10,0 m). llopoabi 
HHTencHBHo H3MeneHbi no BceMy pa3pe3y CBHTbi. B cKBaacHne OM-6 naa iihkphtobi>imh 
6a3aJIbiaMH (|)HKCHpyCTCH rOpHTOHT TV(|)o6peKMHH (7.2 M). MoiUHOCTb CBHTbi BapbHpyeT OT 127 M 
b ueHTpe ao 100.9 m ua nepH(|)epHH HopnabCKofi Myababi. 

X a koh h an c Ran ceuma nepexpbiBaeT ryaHHXHHCKyio CBHTy h npeacTaBaena 
tv (|)ore hh bi mh nopoaaMH h 6a3aabTaMH c ToaeHTOBofi crpyicrypofi. HanGoaee cao>KHoe cTpocune 
ona hmcct b ueHTpe MyjibAbi, rae 0Ha coctoht H3 Tpex hotokob 6a3aabTOB. oomefi MomnocTbio 34 
M, H HeOaHOpOaHOTO no CTpoeHHK) ropH30HTa T>(|)OB. riocaeaHHH HO pa3MepHOCTH oGaOMKOB H 
xapaicrepy caoncTOCTH iioapaiaeaaeToi ua rpn nacTH. Hhvkhhh H3 hhx (12 m) cao)Kena Tycj)aMH c 
OTMCTaHBOH caoHCTOH TCKCTvpoH. oGycaoBaeHHofi McpeaoBaHHCM tohkhx (ot 1 mm ao 3-4 cm) 
caoeB TeMiio-ceporo UBeTa neaHTOBofi pa3MepnocTH c npocaoflMH ncaMMHTOBbix 3eaenoBaro- 
cepbix t\(|)ob (10-15 cm). CpeaHss nacTb MOiUHOCTbio 3.8 m upeacraBaeHa 3eaeHOBaTO-cepbiMH 
Ty(|>aMH T3K>Ke co caoHCTOH CTpyKTypofi, oGpaiOBannofi 3a cneT MepeaoBaiiHa nopoa hhoh no 
CpaBHCHHK) C HH>Keae>KamHMH pa3MCpHOCTH - nCC(J)HTOBOH (0.1-5 mm) H neaHTOBOH (<0,1 mm). 
MomHOCTb nepBbix cymecTBeHHo Goabiue: OHa BapbHpyeT ot 2 mm ao 15-20 cm, b to BpeMfl Kai< 
aaa BTopbix OHa cocTaBaaeT 1-15 mm. BepxHaa 4-x MeTpoBaa nacTb coctoht H3 TeMHO-cepbix 
neaHTOBbix t\(|)ob c iieacnocaoHCTofi TeKCTypofi. Momnocrb tvc})ob xaKaimancKofi cbh™ pe3KO 



CHH>KaeTCH or nempajibHOH (19.4 m) k ooproBofi hscth Myjibflbi (0.6 m), a 6a3ajibTOB coKpamaercH 
jxo 17 M. 


OM-6 



Phc. 2.4. CipoeiiHe 

Ty(j)0-JiaBOBH TOJ1LUH 
HopnjibCKOH Myjibabi 
no CKBawHHa OM-6 h 
OM-25. 

1-6 - 6a3ajibTbi: 

1 - a(|)npoBbie, 

2 - nop(()HpoBbie, 

3 - nHKpHTOBbie, 

4 - rojieHTOBbie. 

5 - MHH/iajieKaMeHHbie, 

6 - (J)jnoHaanbHbie, 

7 - ry(j)bi, 

8 - JiaBoGpeKMHH. 

9 - raoopo-aojiepn rbi. 

P2iv - HBaKHiicKaa, 
Tisv- cbiBepMHiicKaa, 
Tigd- ryjiMHXHHCKaa 
(gd | - H gd2 “ 

Bepxnaa noacBHTbi), 

T|hk- xaKanHaHCKaa, 

T|tk — TyKJioiicKaa, 
Tind- HaaeadHHCKaa 
(ndi - hh>khhh, nd2 - 
cpe.iHHH h nd? - 
BepxHHfl noacBHTbi), 
Timr - MopoHroBCKaa. 


ByjiKaHHTbi myKJioHCKOu ceumu saneratoT Ha xaKaH'iancKHX nopo;iax h 
npe^cTaBJieHbi CBeTjio-3ejieHOBaTO-cepbiMH 6a3anbTa\iH c tojichtoboh Men ko KpHGTaji ji h hccko h 

















CTpyKTypOH h \iaccHBHOH TCKCTypon. B HaHoojiee moluhom pa3pe3e ByjiKaHoreHHOH tojiiuh, 
BCKpbiTOM ckb. OM-6, ycTaHOBJieHO n^Tb noTOKOB pa3JiHHHOH MomHocTH (chh3v BBepx): 31,3; 2.8; 
7,2; 2,1 h 8.7 m. riopoaw hhtchchbho xjiopHTH3HpOBaHbi, BCJiencrBHe Hero npHo6pejiH 
paBHOMepHyio 3ejieHOBaTyH3 oKpacKy. BbiaejiaioiuyK) hx Ha (j)OHe HHace- h BbimejioKamHX nopoa. 
Cpean 6a3ajibTOB 3a(j)HKcnpoBaH MajiOMOiUHbiH (20 cm) npocjiofi t\(J)ob 3eaeHOBaTo-GopaoBoro 
UBeia ncaMMHTOBOH pajMepnocTH c hctkoh c.iohctoh TeKCTypoH. K Gopry Myabaw kojihhcctbo 
iiotoko b coKp maercH ao asyx MOiiiHOCTbK) 1 65 , h 2 i m. Hhwhhh H3 hhx cjiokch 
pe^KOnop(|)HpOBbIMH TeMHO-CepbIMH 6a3aJlbTaMH C aOJiepHTOBOH MejIKOK'pHCTajUlHHeCKOH 
CTpyKTypOH OCHOBHOH MaCCbl H MaCCHBHOH TCKCTypOH, a BCpXHHH H^CHTHHCH TOJlCHTOBblM 
6a3ajibraM nempajibHOH nacTH. Me>Kay noKpoBaMH 3ajieraer MaaoMomHbifi, MeTpOBbiH, cjioh 
I lCaMMHTOBblX Ty(J)OB TeMHO-CCpOrO HBCTa CO CJiaOO Bbipa>KeHHOH CJIOHCTOCTbK). MoiUHOCTb 
TyKJioncKOH cbhtw MeiiHeTCH ot 52,3 ao 42.9 M. 

H a () e d u h c k a h c a u m a pacnoaaraeTca Haa TyKJioncKOH. Ona xapaKTepH3yeTC5i 

KaK IIOBbllllCHHOH MOIUHOCTbK) OTaeabHbIX IIOTOKOB. TaK H 6oabIIICH CVMMapHOH MOIUHOCTbK) IIO 
CpaBHCHHIO C OCTaJIbHbIMH CCMbK) CBHTaMH, OnHCaHHbIMH B npCaCJiaX I IopHJlbCKOH Myababl. J \ j]H 

GojibiiieH nacTH nopoa 1iaaoKaniic koh cbhtw THimnna reMiio-cepaH ao nepHOfl oxpacxa w 
a(|)HpoBa» CTpyKTypa. Crpoeime ee b ueiiTpaabnoii h ioro-3anaanoH nacTax IIopnabCKOH Myjibabi 
cyiuecTBeniio OTJiHMaeTca. B nempe ona coctoht ht rpex noacBHT MomHOCTbio (cnn3y BBcpx) 
171,8; 252,3 h 72,2 m, paiaeaeHHbix MOKay co6oh npocaoHMH t>(|)ob. B uu^cueu noacBHTC 
HacHHrbiBaeTCfl aecarb iioiokob (MomiiocTbio 10-15 m) a(|)HpoBbix h peaKonop(|)HpoBbix 
(npeHMymecTBeHHO noaH(|)HpoBbix) Ga3aabTOB, b noaomBe KOTopwx pacnoaaraioTca Ty(|>o6peKHHH 
h xy(|)bi MOLiinocTbK) 5-7 m. Pa3McpHocTb oojiomkob BapbHpyeT ot ncjiHTO boh ao anno Meparo boh. 
IIo nanpaBaeHHio k ioro-BocTo i iHOMy oopTy Myabaw b ochob3hhh cbhtw noaBaaioTca aBa (13,2 h 
11.4 m) noTOKa tojichtobwx GasaabTOB. nepeKpwTwx 6 noToxaMH a(|)HpoBwx h iiojih(|)hpobwx 
pa3HOBHaHOCTeH. I Ipn 3tom oGinaa MomnocTb noacBHrw coxpaHaeTCH. Cpedunn noacBHTa 
HaMHHaeTca c moluhoto (14.3 m) npocaoa tv(})ob. KOTopwfi nepcKpwBaeTca Tycj)o6pcKHH«MH. B ee 
cocTaBe ycTanoBaeno 22 nonpoBa oaxaabTOB molluioctwo 7-14 m, cpean KOTopwx npeoGaaaaioT 
a(|)HpoBwe h nojiH(|)HpoBwe pa3HOBHaHociH. Ohh pa3aeaHK)Tca npocaoaMH t><|)ob (moiuhocibk) ot 
1 ao 6,7 m). KpoBaa nanKH (})hkchp srrca np hvtctbhcm Momnoro (1 5),m) rop Hoiixa 
nCC(|)HTOBbIX H ncaMMHTOBbIX TV(j)OB. a TaKyKC aBVX nOKpOBOB a(j)HpOBbIX Ga3aJIbTOB. I la BOCTOKC 
ctpochhc nanKH MeHaeTca: OHa coctoht H3 aecjmi noKpoBo b MomHocTbK) ot 4 4 ao 3 57 m, 
npeHMymecTBeHHO noan(j)HpoBbix h raoMepooanrocjjHpoBbix (c BKpanaeH hhkbmh naarnoKaa3a h 
rinpoKcena), pe>xe GaiaabTOB c HeacnoKpHCTaaaHnecKOH CTpyKTypOH. BepxHHH noacBHTa 
cvmecTBeHHO OTannaeTCfl ot hh>khhx: OHa npeacTaBaeHa HCKaioHHTeabHo raoMeponop(})HpoBbiMH 



MeJIKOKpHCTailJlHHeCKHMH 6a3aabXaMH, B KOTOpbIX Z10 25% COCraBJlfllOT CpOCTKH Ta6jlHTMaXbIX 

xepen naarxioKaaxa paxMepoM no 5 mm. Ohh o6pa3yiox tuecxb noxoKOB MomHocxbio ox 1,4 ao 22,3 
m. K [oro-BoexoKy Momnocxb raoMeponop<j)HpoBbix paxuoBHanocreH nopo.x coKpamaexca ao 40 m, 
MomHocxb HH/KiieH h cpeaHen noacBHX cocxaBaaiox 167,6 h 173,1 m cooxBexcxBeHHO. 
HaH6oabmaa MomHocxb HaaeacaHHCKoil CBHXbi (ckb. OM-6) aocxHraex iiomxh 500 m. 

A7 opoHPOGCKOH c e u m a , Beioiatomaa H3yneHHbiH paxpex, xaaeraex na 
Haae>KaHHCKOH CBHxe. B ee cocxaBe napaay c oaxaabxaMH cymecxBeHHyio pojib rnpaiox 
impoioiacxHHecKHe nopoabi, hxo Bbiaeaaex ee na (j)OHe ocxaabHbix cbhx. OHa npacyxcxByex 
xoabKO b ueHxpaabHoti nacxH Myjibabi, rae cocxohx hx n»xn noKpoBOB a<})HpoBbix, peace 
nop(|)npoBbix SaxajibroB HHacHefi noacBHXbi, h MomHoro naacxa xyc|)OB, cociaBjiatomero Bepxmoio 
noacBHxy. TeMHo-cepbie 6axaabxbi iiuotcHeu noacBHXbi xapaKxepHxyioxca (JjaiOHaaabHOH 
xeKCxypoH. I IpeoGaaaaior nopt|)HpoBbie paxHOBHaHOcrH. b Koxopbix bo BKpanaemiHKax 
npHcyxcxByex b ne6oabiaoM KoaHaecxBe (ao 5%) naarHOKaax. nacxo b raoMeponop^npoBbix 
cpocxKax. EoabWHHCXBO aaBOBbix noxoxoB noacxHaaexca caoHcxbiMH ry<])aMn iiejmxo- 
nce([)HXOBOH paxMcpHocxH (3-5 m). MouiHocxb HHacHefi noacBHXbi paBna 75 MexpaM. Bepximn 
noacBHxa caowena caoHcxbiMH xeaeHbiMH h KopHMueBO-KpacubiMH xycj)aMH paxaHHHOH 
paxMepiiocxH - ox neaHxoBOH (paxMep oSaoMKOB ne iipeBbimaex 0.5 mm) ao araoMepaxoBoft 
(aecaxKH canxHMexpoB), b Koxopbix ooao.MOMiibifi Maxepnaa npeacxaBaeH npcHMymecxBCHiio 
a(|)HpoBbiMH, peaxo MHHaaaeKaMeHHbiMH 6axaabxaMH. Ee Momnocxb aocxHraex 28 m. 
reoxuMmecKite oco6eHmcmu eynmuoeenubix nopod HopwibCKoti Myjibdbi. 

x 1 
X 2 

♦ 3 

♦ 4 

A 5 

□ 6 
O 7 

♦ 8 
• 9 

O 10 

43 48 53 

Si0 2 , Mac.% 

Phc. 2.5. /(narpaMMa (l^O+KjO) - Si0 2 aaa nopoa HopwabCKOH Myabaw 
YcaoBHbie oSoxiianenHa: 1 - HBaKHiicKaa CBHxa; 2 - cbiBepMHHCKaa CBHxa; 3-4 - ryaHHXHHCKaa 
CBHxa: 3 - hhhchhh noacBHxa. 4 - BepxHaa noacBHxa: 5 - xaKaHwaHCKaa CBH ra; 6 - xyxaoHCKaa 7- 
9 - naaeacaHHCKaa CBHxa: 7 - hh/Khhsi noacBHxa, 8 - cpeanaa noacBHxa, 9 - BepxHaa noacBHxa; 10 




Ta6jiHua 2.2 

- MopoHroBCKaa CBHTa. JX HarpaMMa nocTpoeHa no coAepyxaHHflM okhcjiob b nopoAax, 
npHBe,aeHHbiM b Taojinue 2. a Taxnce no HeonvojiHxoBaHHbiM AaHHbiM aBTopoB. 

r ji a b h bi e 3 ji e m e h t bi. PaccMorpeHne Bapnaunn XHMH3Ma ByjiKaHoreHHoii tojiiuh 
HopnjibCKon MyjibABi CBnueTejibCTByeT o nanuHnn b ee npe^enax AOCTaTOHHO mnpoKoro cneKTpa 
nopoA (TaSjinua 2.2). no coAep^xaHHio Si()2. (46-55 \iac.%) ycTaHaBjiHBaeTCfl HenpcpbiBHbin paA 
ot 6a3ajibTOB .no anAe3HTOB. CyMMapHoe kojihhcctbo menoneH MeHaeTca ot 0,4 ao 6 Mac.%, a 
coAep>xaHHe MgO cocTaBjiHCT 3-20%. ^HarpaMMa (Na20+K20) - SiC)2 AeMOHCTpnpyeT (pnc.2.5) 
nanGojiee Bbicoxyio mejiOHHOCTb nopoA hhxchhx n&yx cbht - HBaxnHCxofi n cbiBepMHHCxon, 
cjio>Kennbix Tpaxn6a3ajibTaMH n 6a3anbTOBbiMH TpaxnaHAe3HTaMH, npnneM nopoAbi nepBofi H3 
HHX OTHOCHTCfl K B bi CO KO KBJIH C B bi M 00p330BaH H fl Nl. Ba3aJlbTbI OCTaJlbHblX CBHT nOna^aiOT B 
oSnacTb nopoA HopMajibHoro p«Aa. Pc3khc xojieGaHHH coAcpwaHHH Si()2 HaojnoAaioTCfl xax 
BHyrpn OTflejibHbix cbht (HBaKHHCxaa, Ha;ie>K;iHHCKafl), rax h viox/iy hhmh. KoimempannH MgO 
cymecTBemio MeHJieTCfl b H3yneHHbix nopouax. K nanGojiee BbicoxoMarneinajibiibiM 
06pa30BaHH«\l OTHOCflTCH nOpOflbl ry^MHXHHCKOH CBHTbl H3 BCpXHCH H3CTH pa3pC3a, CJ10>XCHH0H 
MHKpHTOBblMH 6a3aJIbTaMH, B KOTOpbIX COAepHCaHHe OKHCH MaTHHJI yBCJlHMHBaCTCfl OT HHXCHHX 
nOTOKOB K BCpXHHM H AOCTHiaCT 20 MaC.%. I IaHMCHblllHC 3HaHCHHH (3-5 MaC.% MgO) THIIHHHbl 
AJifl hhhchhx cbht, oco6chho ajih Bepxnen naci H HBaKHiicKOH CBHTbi. OcTajibHbie nopo/ibi paipeia 
xapaKTcpH3yioTCH y3KH\i AHana30HOM 3HaneHHH MgO - 6-8 \iac.%. c nexoTopbiM yBCJinncnncM 
coAepwaiinn MarHHfl b cropony mojioamx o6pa30BanHH (MoponroBCxaa CBnra). 

Bapnaunn coAep>xaHHH rnaBHbix ncTporcHHbix ijicmchtob b CTpaTHrpa(|)HHecxon 
iiocjie;iOBarejibHOCTH nopoA Byjixan h i iec ko h tojiiuh noxa3anbi na pnc. 2.6. rjx e otmctjihbo 
npoHBJiaeTCH paiJiHMHe \ie>XAy Bepxnen ee nacmo, HMeiomen oAnopoAnoe crpoenne, no 
cpaBiienmo c nnwHen, Gonee xompacTnon no cocraBy. Tax. b HH>xnen Haem nsynennoro pa3pe3a 
ycTanaBJiHBaeTca nnaBiioe enn/xenne coAep^annn Ti02 ot 6a3ajibTOB HBaxnncxon (2,1 \iac.%) ao 
T yXJIOHCXOH (0.8) CBHTbl, a B BCpXHCH HBCTH (J)HXCHpyiOTCfl yCTOHHHBO HH3XHC CrO 
xoimeiiTpaiiHHMH (0.9- 1,3 Mac.% HO 2 ). TeM ne Menee. ne3naHHTejibnbie BapnauHH coAep>xannn 
THiana H03BOJIHIOT h b npeAeAax BepxHei'i nonoBnnbi oTAenarb nanoo.iee MOJiOAbie nopoAbi 
(cpeAHeHaAOKAHHcxaa - MopoHroBcxaa CBHTbi). ooorameHHbie 3THM xoMnoHeHTOM, ot Gojiee 
ApeBHHX, OOeAHeHHbIX HM (HH>XH5HI HaCTb HaAOXAHHCXOH CBHTbl). 

9/ieMeHTbi-npHMecM. AHariH3 cnexTpoB pacnpcAeneHna peAKHX ojicmchtob b 
ByjixaHorennbix o6pa30BaHnax TpannoBon (j)op\iauHH Hopnjibcxon MyjibAbi (pnc.2.7), 
HOpMHpOBaHHbIX X ripHMHTHBHOH MaHTHH, CBHAeTeJIbCTByeT C OAHOH CTOpOHbl 06 OnpeACJieHHOM 
HX CXOACTBC (OOOraniCHHOCTb HeCOBMeCTHMbIMH 3AeMCHTaMH. HaiHHHe B pa3HOH CTenCHH 



TaGjinua 2.2. CoaepacaHHe rjiaBHbix h pe/ucHx 3-ie\ieHT0B b ByjiKaHnnecKHx nopo;iax HopHjibCKOH 

_ Myjibiibi __ 


N* n/n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

o6p. 

46.1 

89.9 

146 

189 

252 

269 

282 

285 

291 

Si0 2 

48.9 

49.4 

50.1 

47.8 

52.1 

49.7 

52.4 

50.6 

52.0 

Ti0 2 

1.12 

1.10 

1.00 

1.26 

1.06 

1.18 

1.12 

1.21 

1.12 

M 2 O 3 

16.7 

16.2 

15.0 

14.9 

12.9 

15.3 

13.3 

14.4 

14.5 

Fe 2 0 3 

12.3 

12.4 

12.1 

13.4 

10.9 

11.4 

12.2 

11.8 

11.2 

MnO 


0.18 

0.17 

0.17 

0.16 

0.20 

0.15 

0.17 

0.16 

MgO 

7.19 

6.90 

4.86 

5.29 

5.36 

6.72 

5.66 

6.14 

6.04 

CaO 

11.2 

11.2 

10.0 

10.2 

8.98 

9.62 

8.95 

10.6 

9.81 

Na 2 0 

1.93 

1.95 

2.69 

2.34 

2.94 

2.74 

2.87 

2.18 

2.05 

k 2 o 


0.38 

0.63 

0.43 

0.99 

0.56 

0.91 

1.18 

1.22 

P 2 O 5 

0.11 

0.11 

0.21 

0.16 

0.14 

0.12 

0.16 

0.13 

0.13 

O.n.n. 

1.45 

1.87 

2.85 

3.18 

3.60 

2.11 

1.48 

1.22 

1.45 

CyMMa 

101 

101 

99.7 

99.2 

99.3 

99.7 

99.3 

99.8 

99.8 

Rb 

6.00 

4.00 

11.00 

5.68 

31.9 

10.2 

23.3 

26.2 

36.3 

Ba 

304 

338 

311 

318 

404 

313 

328 

317 

339 

Th 

1.07 

1.48 

2.52 

3.71 

4.18 

3.74 

3.90 

3.65 

3.64 

U 

0.45 

0.54 

1.10 

1.11 

1.17 

0.98 

1.07 

0.96 

0.95 

Nb 

5.1 

5.70 

8.35 

10.7 

8.82 

9.01 

8.39 

8.67 

10.4 

Ta 

0.32 

0.32 

0.45 

0.64 

0.95 

0.58 

0.56 

0.55 

0.68 

La 

7.33 

9.07 

15.5 

18.60 

21.0 

17.9 

18.9 

19.6 

19.6 

Ce 

17.1 

20.7 

32.8 

40.6 

44.3 

41.0 

40.8 

42.0 

41.8 

Pr 

2.06 

2.39 

3.94 

4.97 

5.32 

5.06 

4.93 

5.06 

5.00 

Sr 

207 

207 

286 

273 

364 

350 

275 

271 

261 

Nd 

10.6 

12.3 

16.19 

20.09 

21.3 

19.9 

20.0 

19.8 

19.9 

Sm 

3.02 

3.27 

3.57 

4.50 

4.60 

4.27 

4.26 

4.24 

4.33 

Zr 

89.0 

98.0 

117 

150.8 

144 

144 

144 

142 

161 

Hf 

2.43 

2.63 

2.70 

3.81 

3.84 

3.67 

3.80 

3.53 

3.95 

Eu 

1.05 

1.07 

1.05 

1.29 

1.24 

1.18 

1.18 

1.21 

1.28 

Ti 

5242 

5148 

5683 

7123 

6504 

6416 

6147 

6302 

6443 

Gd 

3.63 

3.80 

3.93 

4.62 

4.82 

4.46 

4.43 

4.31 

4.28 

Tb 

0.64 

0.65 

0.68 

0.75 

0.80 

0.74 

0.73 

0.73 

0.73 

Dy 

4.08 

4.08 

4.46 

4.71 

4.90 

4.48 

4.51 

4.41 

4.48 

Y 

22.3 

23.1 

25.2 

24.2 

25.6 

23.4 

23.1 

23.4 

23.3 

Ho 

0.88 

0.87 

0.98 

0.98 

1.05 

0.92 

0.96 

0.91 

0.92 

Er 

2.54 

2.53 

2.81 

2.76 

2.90 

2.59 

2.66 

2.59 

2.57 

Tm 

0.35 

0.36 

0.43 

0.41 

0.43 

0.38 

0.40 

0.38 

0.38 

Yb 

2.32 

2.33 

2.81 

2.66 

2.77 

2.48 

2.50 

2.39 

2.45 

Lu 

0.35 

0.36 

0.43 

0.37 

0.40 

0.37 

0.38 

0.37 

0.37 

Cu 

122 

113 

68.4 

73.2 

95.8 

54.9 

49.3 

66.4 

41.4 

Ni 

107 

86 

65.1 

688 

48.9 

33.2 

54.9 

47.6 

44.6 






























ripojojr/KeiiHe 1 raojiHiu.i 2.2 


N° n/n 

10 

11 

12 

13 

14 

15 

16 

17 

18 

o6p. 

3jieMeHT\^ 

306.0 

311.9 

317.2 

332.6 

421.0 

495.2 

559.8 

604.0 

611.0 

Si0 2 

51.6 

51.2 

51.7 

52.2 

57.2 

52.6 

52.7 

47.6 

53.5 

Ti0 2 

1.13 

1.11 

0.96 

1.09 

0.71 

1.00 

1.00 

0.95 

0.98 

A1 2 0 3 

14.6 

14.3 

12.9 

14.5 

13.7 

15.2 

14.1 

15.0 

13.4 

Fe 2 0 3 

11.3 

10.8 

9.19 

11.8 

7.55 

10.9 

11.0 

10.8 

10.6 

MnO 

0.15 

0.18 

0.20 

0.15 

0.11 

0.13 

0.14 

0.17 

0.14 

MgO 

5.88 

5.49 

4.45 

5.05 

2.62 

4.74 

4.70 

7.83 

6.33 

CaO 

9.89 

10.9 

8.21 

9.62 

3.37 

8.86 

9.25 

11.9 

6.40 

Na 2 0 

2.32 

2.07 

2.66 

2.44 

0.37 

2.64 

2.60 

1.60 

3.25 

k 2 o 

1.06 

0.92 

3.12 

0.66 

6.53 

1.07 

0.53 

0.23 

1.12 

P 2 O 5 

0.12 

0.13 

0.11 

0.14 

0.15 

0.14 

0.13 

0.08 

0.13 

n.n.n 

1.53 

2.50 

6.13 

1.63 

6.77 

1.96 

3.06 

3.43 

3.24 

CyMMa 

99.8 

99.8 

99.7 

99.4 

99.1 

99.3 

99.3 

99.7 

99.1 

Rb 

34.4 

25.6 

154 

12.47 

354 

21.3 

16.2 

5.63 

60.1 

Ba 

313 

329 

535 

315 

444 

306 

330 

159 

357 

Th 

3.61 

3.78 

3.21 

3.82 

6.65 

3.77 

4.12 

0.67 

3.54 

U 

0.94 

1.09 

1.31 

1.00 

1.65 

1.11 

1.04 

0.19 

0.81 

Nb 

8.25 

8.69 

7.41 

8.53 

12.7 

8.46 

9.16 

3.27 

8.56 

Ta 

0.53 

0.56 

0.50 

0.85 

0.91 

0.59 

0.66 

0.18 

0.56 

La 

18.5 

19.9 

16.6 

19.2 

28.0 

18.0 

20.1 

4.28 

17.8 

Ce 

39.8 

41.8 

34.6 

41.5 

58.8 

38.4 

42.5 

9.74 

39.3 

Pr 

4.82 

4.92 

4.24 

4.99 

6.75 

4.64 

5.10 

1.37 

4.82 

Sr 

281 

290 

251 

273 

71.2 

272 

377 

230 

196 

Nd 

19.1 

19.5 

16.8 

20.0 

26.5 

18.9 

20.2 

6.34 

19.6 

Sm 

4.06 

4.14 

3.74 

4.39 

5.29 

4.10 

4.22 

1.86 

4.10 

Zr 

138 

145 

125 

143 

200 

129 

138 

55.6 

137 

Hf 

3.44 

3.62 

3.21 

3.71 

5.13 

3.30 

3.61 

1.46 

3.47 

Eu 

1.18 

1.18 

0.91 

1.23 

1.27 

1.13 

1.21 

0.83 

1.13 

Ti 

5958 

6233 

5442 

6378 

6012 

5922 

5809 

5040 

5979 

Gd 

4.13 

4.27 

3.89 

4.41 

5.13 

4.13 

4.23 

2.28 

4.12 

Tb 

0.69 

0.72 

0.61 

0.73 

0.82 

0.68 

0.70 

0.40 

0.67 

Dy 

4.17 

4.37 

3.86 

4.57 

4.98 

4.21 

4.34 

2.60 

4.22 

Y 

22.2 

22.2 

20.3 

23.5 

25.8 

21.7 

22.2 

14.1 

21.3 

Ho 

0.88 

0.91 

0.81 

0.97 

1.03 

0.89 

0.92 

0.56 

0.87 

Er 

2.40 

2.48 

2.25 

2.67 

2.89 

2.49 

2.55 

1.53 

2.43 

Tm 

0.37 

0.37 

0.33 

0.40 

0.44 

0.37 

0.38 

0.23 

0.36 

Yb 

2.26 

2.35 

2.06 

2.54 

2.68 

2.25 

2.39 

1.42 

2.27 

Lu 

0.35 

0.35 

0.32 

0.37 

0.40 

0.34 

0.35 

0.22 

0.33 

Cu 

74.8 

69.1 

62.0 

40.3 

32.3 

5.06 

19.3 

63.4 

19.2 

Ni 

<2 

44.2 

42.1 

38.6 

166 

50.2 

69.9 

86.7 

17.9 































l IpoAQ-T/KeuHe 2 raojiHUbi 2.2 


N° n/n 

19 

20 

21 

22 

23 

24 

25 

26 

27 

'^N^o6p. 

3JieMeHY\ 

619.1 

646.0 

671.1 

703.7 

708.4 

750.4 

792.2 

838.7 

852.5 

Si0 2 

49.9 

50.7 

49.7 

44.4 

43.5 

50.4 

50.4 

51.6 

51.0 

Ti0 2 

0.85 

0.90 

1.05 

1.50 

1.52 

1.75 

1.79 

1.52 

2.75 

A1 2 0 3 

14.0 

14.7 

13.2 

9.13 

8.65 

15.2 

15.2 

13.7 

12.5 

Fe 2 0 3 

11.0 

10.6 

9.52 

14.4 

15.3 

11.9 

11.8 

10.9 

10.8 

MnO 

0.15 

0.14 

0.13 

0.12 

0.15 

0.15 

0.14 

0.21 

0.13 

MgO 

6.81 

5.54 

6.32 

13.4 

13.9 

4.57 

4.95 

8.41 

2.81 

CaO 

8.01 

10.3 

6.17 

8.00 

8.11 

9.36 

8.99 

5.41 

14.5 

Na 2 0 

2.82 

2.29 

2.23 

1.04 

1.06 

3.30 

3.11 

2.82 

0.15 

K 2 0 

0.72 

0.71 

1.02 

0.18 

0.07 

0.60 

0.69 

0.94 

0.14 

p 2 o 5 

0.13 

0.10 

0.12 

0.13 

0.12 

0.24 

0.24 

0.20 

0.43 

n.n.n. 

4.63 

3.13 

9.82 

6.64 

6.52 

1.98 

1.84 

3.59 

3.99 

CyMMa 

99.1 

99.2 

99.3 

99.1 

99.0 

99.5 

99.3 

99.3 

99.4 

Rb 

33.4 

25.1 

52.1 

3.59 

1.89 

8.17 

15.2 

40.7 

3.59 

Ba 

401 

265 

249 

74.9 

33.7 

306 

268 

436 

26.3 

Th 

3.13 

2.93 

4.38 

1.23 

1.13 

1.87 

1.78 

3.78 

7.35 

U 

0.74 

0.65 

1.41 

0.37 

0.43 

0.44 

0.43 

0.97 

1.81 

Nb 

7.68 

7.44 

8.06 

6.24 

5.85 

10.3 

10.0 

11.0 

23.6 

Ta 

0.52 

0.50 

0.57 

0.49 

0.58 

0.65 

0.65 

0.89 

1.64 

La 

18.4 

16.6 

19.7 

7.18 

6.60 

18.1 

16.6 

22.6 

41.7 

Ce 

37.7 

34.9 

42.1 

18.9 

17.0 

39.3 

37.2 

48.7 

89.5 

Pr 

4.55 

4.20 

5.01 

2.73 

2.46 

5.08 

4.83 

5.94 

10.9 

Sr 

4614 

276 

163 

229 

231 

433 

419 

468 

98.0 

Nd 

18.1 

16.7 

19.8 

13.0 

11.8 

21.9 

20.4 

23.9 

44.9 

Sm 

3.80 

3.56 

4.28 

3.55 

3.24 

5.26 

4.84 

5.32 

9.76 

Zr 

122 

116 

128 

96.6 

87.8 

1566 

158 

188 

341 

Hf 

3.17 

2.95 

3.34 

2.69 

2.41 

3.92 

3.79 

4.60 

8.56 

Eu 

1.09 

1.07 

1.16 

1.17 

1.17 

1.81 

1.63 

1.63 

2.61 

Ti 

5743 

5020 

5105 

8977 

8746 

10860 

10854 

8811 

14055 

Gd 

3.78 

3.57 

4.22 

3.89 

3.63 

5.34 

5.05 

5.26 

9.52 

Tb 

0.62 

0.58 

0.66 

0.63 

0.58 

0.83 

0.81 

0.81 

1.48 

Dy 

3.85 

3.64 

4.04 

3.65 

3.36 

5.00 

4.81 

4.89 

8.77 

Y 

19.6 

18.4 

20.2 

16.9 

15.4 

23.5 

22.9 

23.3 

42.0 

Ho 

0.82 

0.76 

0.84 

0.72 

0.67 

1.00 

0.97 

0.99 

1.76 

Er 

2.24 

2.09 

2.29 

1.87 

1.70 

2.65 

2.49 

2.59 

4.66 

Tm 

0.34 

0.32 

0.34 

0.26 

0.24 

0.37 

0.35 

0.37 

0.67 

Yb 

2.08 

1.97 

2.17 

1.52 

1.38 

2.28 

2.14 

2.32 

4.02 

Lu 

0.32 

0.29 

0.33 

0.23 

0.20 

0.33 

0.31 

0.33 

0.60 

Cu 

38.1 

26.2 

117 

77.4 

81.9 

53.6 

40.8 

22.4 

92.4 

Ni 

41.0 

41.7 

189 

487 

680 

56.1 

40.3 

83.9 

108 
































OKOHHamie TaojiHiibi 2.2 


Ns n/n 

28 

29 

30 

31 

32 

33 

oop. 

ojieMeHT^-^ 

874.6 

890.3 

914.0 

940.2 

992.5 

1029.5 

Si0 2 

51.7 

53.3 

50.3 

53.4 

53.4 

50.8 

Ti0 2 

1.70 

1.51 

1.62 

2.10 

2.18 

2.15 

A1 2 0 3 

12.2 

14.4 

13.2 

13.5 

13.2 

14.5 

Fe 2 0 3 

11.5 

10.3 

11.8 

12.0 

13.4 

14.2 

MnO 

0.14 

0.15 

0.16 

0.13 

0.16 

0.17 

MgO 

6.81 

4.76 

7.12 

3.82 

3.79 

3.04 

CaO 

8.27 

6.99 

7.54 

7.04 

5.34 

6.59 

Na 2 0 

2.71 

2.67 

2.61 

2.75 

2.96 

3.71 

K 2 0 

0.74 

1.55 

0.78 

1.65 

1.74 

1.41 

P2O5 

0.25 

0.19 

0.27 

0.35 

0.80 

0.95 

n.n.n 

2.89 

3.10 

3.58 

2.15 

2.50 

1.67 

CyMMa 

99.1 

99.1 

99.0 

99.0 

99.6 

99.3 

Rb 

10.8 

47.8 

19.3 

39.6 

52.7 

46.8 

Ba 

3649 

422 

323 

531 

764 

582 

Th 

3.82 

6.58 

3.78 

6.11 

5.21 

5.17 

U 

0.95 

1.73 

0.97 

1.59 

1.30 

1.47 

Nb 

13.2 

18.1 

13.1 

20.8 

25.3 

24.5 

Ta 

0.90 

1.33 

0.92 

1.51 

1.64 

1.61 

La 

23.1 

33.2 

20.7 

38.8 

48.7 

47.3 

Ce 

49.2 

69.5 

47.5 

82.1 

105 

104 

Pr 

6.08 

8.29 

5.82 

9.93 

13.3 

13.4 

Sr 

400 

395 

495 

440 

365 

486 

Nd 

24.7 

32.1 

24.1 

38.6 

54.8 

56.1 

Sm 

5.41 

6.67 

5.28 

8.19 

11.76 

11.7 

Zr 

195 

2396 

192 

281 

359 

270 

Hf 

4.67 

5.95 

4.54 

6.94 

8.99 

6.60 

Eu 

1.64 

1.69 

1.68 

2.16 

3.32 

3.00 

Ti 

8550 

8224 

8743 

12057 

13313 

13561 

Gd 

5.20 

6.28 

5.18 

7.50 

11.06 

10.8 

Tb 

0.83 

0.96 

0.83 

1.18 

1.65 

1.61 

Dy 

4.88 

5.76 

4.93 

7.08 

9.61 

9.31 

Y 

23.3 

28.4 

23.7 

33.3 

43.7 

45.1 

Ho 

0.97 

1.16 

0.99 

1.39 

1.91 

1.88 

Er 

2.59 

3.12 

2.63 

3.77 

5.03 

4.95 

Tm 

0.37 

0.46 

0.38 

0.55 

0.71 

0.68 

Yb 

2.31 

2.84 

2.31 

3.38 

4.26 

4.18 

Lu 

0.32 

0.41 

0.34 

0.48 

0.62 

0.59 

Cu 

20.5 

22.8 

52.5 

27.8 

29.2 

19.0 

Ni 

124 

89.2 

56.8 

14.5 

23.0 

65.0 


npHMenaHHe: 1) Ns o6pa3ua cooTBeTCTByeT rjiyoHHe no ckbb)khh6 OM-6 (OM-6/46.1); 2) 
nopa^KOBbie HOMepa cooTBeTCTBVfOT cbht3m: 1, 2 - T i /;?/*. 3-16 (3 - T|/74-14 - T| wfc, 15-16 - 
T \nd,\ 17 - T,/it, 18-21 - T, hk, 22-25 - T lg d (22-23 - T,g<4 24-25 - T\gd,\ 26-30 - T,sv, 31-33 

- P 2 /V (pacuiH^pOBKa HH^eKxoB b Ta6ji.2.1): 3) co^epncaHHe okhcjiob .aaHbi b Mac.%, a aneMeHTOB 

- b t/t; 4) n.n.n - noTepn npn npoKajiHBaHHH; 5) nponepK b Taojinue - 3jieMCHT He onpejiejifljicfl. 


















npoHBJieHHbix orpHuaTejibHbix Ta-Nb, Eu h Ti aHOMaann,), a c apyrofi - 06 3bojiiouhh cocTaBa 
H3yHenHbix nopoa bo BpeMeHH. Oopoabi hh>khhx aByx cbht. xapaKTepH3yiomneca cyGmeaoHHbiM 
cocxaBOM, b uejiOM oGorameiibi bccmh peaxHMH aaeMemraMH, ocooemio xpynHOHOHHbiMH 
jiHTOcjjHJibHbiMH (LIL). nepexpbiBaiomHe hx 6a3anbTbi ryaHHXHncxoH cBHTbi He ooaaaaioT 3toh 
OCOSeHHOCTbK), OAHaKO HX c6jlH)KaeT C 00pa30BaHH5IMH HHA'HHX CBHT nOBbHUeHHOe Gd/Yb 
OTHOiueHHe. Bee BbimeaeKamne pasiioBHanocTH nopoa xapaxTepH3yioTCH Goaee iiojioihm 
HaKJioHOM cneKTpoB pacnpeaeaeHHH ajieMeHroB b ooaacrH Tjonejibix peaxHX aeMeab, hto 
iioiBOJiaei hx Bbiae.iHTb b OTaeJibiiyio rpynny, othhhiivio ot ByaKaHoreHHbix o6pa30BaHHH Tpex 
hhjkhhx cbht. Pa3aHMHA Me>xay cocTaBa.\iH nopoa 3thx asyx HacTefl pa3pe3a 
npoaeMOHcrpHpoBaHbi Ha ripHMepe H3\ieHeHHH b paapeae ByaxannroB ho ckb. OM-6 coaepwannn 
MgO. Si0 2 , Ti0 2 . a Taxwe Gd/Yb h La/Sm oTHomeHHH. Ohh oTHeTaHBo BHaHbi Ha anarpaMMe 
La/Sm - Gd/Yb, rae cocraBbi nopoa hh>khhx Tpex cbht pacnoaaraiorca cymecTBenno Bbime, 
xapaKTcpH3yacb Bbicoxnvi Gd/Yb othoujchhcm (> 2) no cpaBHenHio c 6a3anbTaMH apyrnx cbht. 
OGiuen TeHacHUHen H3MeHeHH« reoxHMHHecxnx ocooeHHocreH nopoa or pannux cbht k no3aHHM 
ABaaeTca nocTeneHHoe yBeanncHHe a.vinaHTyabi Ta-Nb h Ti aHOMaanfi (pHC.2.7). 

HecMorpa na yxajanHbie oGinne 3aKOHOMepnocTH. xaacaaa CBH ra HMeer cboh reoxHMHwecKHe 
ocodennocTH. Tax. nnaaiHe aBe CBHTbi xapaxTepnayioTca noBbimeinibiMH coaep>xaiiH«MH Bcex 
aaeMeHTOB-npuMeccH. b to bpcmh xax MHHHMaabHbie hx xoHueHTpauHH - Ha nopaaox nn>xe, hcm b 
ocTajibiibix CBHTax - THnHHHbi aaa ryaMHXHHCxon CBHTbi (pnc.2.7). CocTaB ByaxaHoremibix nopoa 
xaxaHnancxoH cbhtw pe3Xo oTannaeTCfl ot HH>xe- h Bbimeae>xamHX o6pa30BanHH ryaHHXHHCxon h 
TyxaoHCxofi cbht cooTBeTCTBeHHo: cnexapbi hx paenpeaeaenna anaaoiHHiibi naae>xaHHcxHM 
GaraabTaM. Cocthb Ty(J)OB h GaaaiibTOB xaxanwancxoH CBHTbi npaxTHneexn HaeriTHMen (Ms 18-21 b 
ra6a.2.2: 18-20 - 6 aaajibTbi. 21 - T>aj)bi), hto npoaeMOHCTpnpoBano na pnc. 2.7. CaeayeT ocoGo 
noa i iepxHyTb, hto coaepaamna MHxpoaaeMeHTOB b nocaeaHHX npoaHaaH3HpoBaHbi BnepBbie aaa 
I IopHjibcxoio panona. XapaxrepH3yiomHH TyxaoHcxyio CBHTy cnexap pacnpeaeaeiiHH peaKnx 
aaeMeHTOB pacnoaaraeTca necxoabxo Bbime ryanaxuncxoro. b neM OTHeTaHBo npoHBaena 
iioao'/KHTeabiiaa crpoHUHeisaa anoMaima. Oh xapaxrepHayeTCH Goaee noaoiHM naxaonoM b 
oGaacTH Taaceabix peaxnx 3eMeab. 1 IaaoxaHiicxaa cbht3 oTaHHaerca eymecTBennoH 
0601 ameiiHOCTbio nexorepeHTHbiMH aaevieHTaMH (b nacTHOCTH. Bbicoxnvi La/Sm OTHomeimeM, 
xoaeGaiomHMca ot 4,6 ao 4,9) h npncyTCTBHeM OTHeTaHBo npoaBaeHHon Ta-Nb aHOMaanefi (pnc. 
2.8). MoponroBcxaa cbht 3 xapaxTepn3yeTca Menee o 6 orameHHbi\i peaxHMH aaeMeina.MH 
cnexTpoM, cocTaB ee nopoa b npeaeaax I lopnabcxon Myabaw He OTannaerca ot TaxoBoro H3 
pa3pe30B b apyrnx CTpyxTypax. 
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Oco6eHHOCTH COCTaBOB OTaeJTbHbIX CBHT Taicace xopouio BHAHbl Ha CepHH 6HHapHb!X 
anarpaMM, H3 kotopux aBe npHBeaeHbi Ha pnc. 2.8. HaH6oaee kbctbchho oTaHHatoTca, kohchho, 
HHXHHe cbhtw no Gd/Yb h Gd/Ti otho meH hh m. Flopoabi ocTaabHbix cbht odpaayiOT 3aMeTHbifi 
TpeHa b KoopaHHaTax Gd/Ti - U/Nb. 

Kpamxax xapaKmepucmuKa eymanumoe eocmoxa pauoiia 

Kai< yace OTMenaaocb Bbirne, ochobhoh o6be\i HCcaeaoBaHHH Bbinoanen b boctohhoh naciH 
reppHTopHH. rae Hanoo.iee aeraabHO H3yncHbi ByaKaHoreHHbie nopoabi MHK i iam anHCKOH 
naomaaH. Ha p«c. 2.9 noKa3aHbi jihhhh pa3pe30B, KOTopbie aBHJiHCb onopHbiMH ana H3yaeHHa 
oTaeabHbix cbht, a TaKa<e hx coothohichhh b npocTpaHCTBe. nocKoabKy b oahom o6h3>kchhh 
H3yHHTb noaHOCTbio Becb pa3pe$ Ty(|>o-aaBOBoii ToamH npaKTHHecKH hcbo3mo>kho. HoMepa 
pa3pe30B cooTBercTByioT HOMepaM aHaaH30B b npHaoaceHHH 2. 



Phc. 2.8. ^HarpaxiMbi Gd/Yb - La/Sm h Gd/Ti - U/Nb aaa ByaKaHHaecKHX nopoa HopnabCKOH 

Myababi.YcaoBHbie o6o3HaaeHHa Ha pnc. 2.5. 


ripHHUHIIHaJIbHO HOBbIM B pa3pe3a\ 3TOH MaCTH TeppHTOpHH HBHJiaCb HHaTHOCTHKa 
BbicoKOManie3HajibHbix nopon na vpoBue h ane >k,hhhckoh cbhtw - caMOM bmcokom bo Bce\i 
CTpaT h rpa(|) h h ec kom pa3pe3e ByjiKanoren hoh tojiiiih. 3tot Bonpoc 6y.neT paccMorpen npn 
XapaKTepHCTHKe BVJlKaHHTOB HH/KHeH HaCTH VKa3aHHOH CBHTbl. 

IlpHMep cocTaBjieHHa nacTHbix pa3pe30B npozieMOHCTpHpoBaH Ha pnc. 2.10. B nojieBbix 
ycjiOBHax 3a\iepHjiacb MomHOCTb Ka'yKHoro noTOKa. (j)HKCHpoBajica ero cocraB, OTGnpajiHCb 
o6pa3iibi npeHMymecTBeHHo H3 ueHipajibHbix nacTen iiotokob (xoth HHorna - H3 paBHbix ero 
nacTen) h Ty(|)OBbix npocnoeB. ^aHHbin pa3pe3 b cpenneM TenenHH p. ICbKHbiH Mkjji npencTaBJiaeT 
HCCOMHCHHblH HHTCpCC 6jiarOHapfl npeKpaCHOH o6Ha/KCHHOCTH 3TOH MaCTH TeppHTOpHH: 3HCCb 
coxpanmorcH h npeKpacuo o0Ha>KeHbi Bee hotokh, ynacTByiomHe b crpoeiiHH ByjiKanoreHHOH 
TOJIIUH OT CblBCpMHHCKOH HO BepXHeH MaCTH HaneWHHHCKOH CBHTbl. 

I'aKHM oopaiOM Gbuio cocraBjieno (c onpoooBaiineM xa>KHoro noroKa h ry(|)OBoro ropH30HTa) 
Gojiee 11 km pa3pe30B. 



Phc. 2.9. reojiorHHecKaa KapTa HHHCHero TeneHHfl p. MnKMaHr.ua (MuxaHJioB h zip., 2003c])) 
YCJIOBHbIC o603HaMeHHH Ha pHC. 1.4.McpHbIM nOKa3aHbI JIHHHH ZieTaJIbHbIX pa3pe30B H HX 
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Phc. 2.10 6. ripo,ao;DKeHHe pa3peaa ByjiKaHHTOB b pafioHe ckb. M/t-38 


YcjioBHbie o 6 o 3 HaHeHHa Ha pnc. 2 . 4 . 










Cmpoenue eynKaiiumoe a 3anadnou net emu TymyccKoii cwicK iirjbi 

CTpoenne T\(j)0-jiaB0B0H TOJimH npoBziH.iocb no ecTecTBeHHbiM oona^enHHM b pycjie pynbeB 
hjih no BO^opa3,flejiaM mokav hhmh na o6ohx oeperax 03 . niyooKoro. C 3ana.ua na boctok 3^ecb 
oOHa>KeioTca nopo^bi ot HBaKHHCKon CBHTbi (r. CyHjiyK. pynen KpacHaa LLIanoHKa) jxo 
Ha/IOK^HHCKOH CBHTbi H ^ajiee - MOpOHrOBCKOH H MOKyJiaeBCKOH. 


mr mv M a ir ww 



Phc. 2.11. reojiorHHecKafl Kapra pafioHao3. r.riy6oKoe 
(CTpyHHH h jx p., 1994. c aonojinenHHMH A.B.PyvaaKOBOH, H.A. KpHBOJiyiiKOH) 

B paxiKax .nanbi na3BanH5i pa3pe30B (CY=1F= CyHayK. KUI -Kpacnafl LLJanKa. U - unpK. 

T - rjiyGoKoe 1, Tji - rny6oKoc-2; Hoviepa aHajiH30B nopo;i no pa3pe3aM b ripnjio>KeHHH 2) 

Ilanfiojice nojiHbin pa3pc3 Hcc-ie^OBaH Ha r. Cvh^vk. KOTopbifi 5 ibhjich onopHbiM h /uih 
npcAbi^yuinx nccjie^oBaTejien panoHa (pa3pe3 lF(Fedorenko et al.. 1996)). pnc. 2.1). /leia-ibHoe 
ero crpoeHHe ,aaHO Ha pnc. 2.12. Oh npe^CTaBjiaeT ocoobifi HHTepec b cb«3h c oneHb xopomefi 
o6iia>KeiinocTbio h npncvTCTBHeM b pa3pe3e xiomubix iiotokob 6a3ajibTOB TyKJioncKOH CBHTbi, 
cpcOT KOTopbix onucaH paccjioeHHbin noKpoB (ero xapaKepncTHKa .naHa HH^ce). 
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Phc. 2.12. CrpoeHHe ry(J)o-;iaBOBOH tojiiuh, r. CynayK 
(CY-71 - OTo6paHHbie o6pa3iibi. aHa^H3bi b FIpHao>KeHHH 2) 


I IpHiinHiinaj'ibHO HOBbie pe^y.ibiaTbi. nojiyneHHbie iuia BVJiKaHoreHHbix riopo;i. ir!Jio>KCHbi 
HH>Ke. rjiaBHoe BHHiuaHHe 6bijio yaeaeHo BbicoKOMarHe3HajibHbiM 3(J)4>y3HBHbiM o6pa30BaHHHM, 








KOTopbie JioK&iH30BaHbi b npe;iejiax Tpex cbht: iyaHHXHHCKon (gd2>, tvkjiohckoh (tk) h 
H aAe^cOTHCKofi (ndi). 

2.2. lSydnuxiiHCKaa ceuma 

riHKpHTbl ry^HHXHHCKOH CBHTbl GbIJIH HCCJie^OBaHbl aBTOpOM COBMeCTHO C A.B. Co6oJieBbIM 
h /J.B. Ky3bMHHbiM (2009|) b HecKOJibKHX paipeiax, pacnojioaceHHbix b pa3Hbix hbctax pafiona 
(pnc.2.1). B KanecTBC onopHbix BbiopaHbi Tpn H3 hhx: b 3ana^HOH nacTH XapaejiaxcKOH MyjibAbi, b 
boctomhom GopTy XaHTaHCKO-PbiSHHHCKoro Baia h b 3ana^Ho\i GopTy TyHryccKOH CHneK-iH3bi. 
3tO Jl aeT B03M0>KH0CTb npOCJie^HTb 3B0.1K)UHK) CTpoeHHa H COCTaBa ry^MHXHHCKHX HHKpHTOB c 
3ana;ui Ha boctok. 

IlaHGojiee Momnbin paipe3 nopo,a ryjiM hxhhckoh cbutw H3v i ieH no CKBa>KHiie XC-51, 
npoGypeiinoH b 3ana^noH hbcth XapaejiaxcKOH Myjib^bi. Heriojinaa MomnocTb CBHTbl (ee BepxiiHH 
nacTb 3po,aHpoBaHa) cocTaBjiaeT 460 m. nacTb pa3pc3a cjio>KeHa nop(|)HpoBbiMH n 

a(J)HpoBbiMH 6a3ajibraMH co cpe/iHHM co/iepwanneM MgO = 6 Mac.%. a Bepxn«« (111 m) - 17 
MOTOKaMH iiHKpnTOBbix oaiajibTOB. b KOTopbix KoimeiiTpauHH MgO .aocTHraeT 24 Mac.%. Hotokh 
xapaKTepH3y»OTCfl neGojibinoH Momnocibio (b cpe^HeM 4-6 m), hx BepxiiHH nacTb (0.5-1.3 m) 
cjioiccna MHH^ajieKaMCHHbiMH painoBHAHoemMH. mto no3BOJi5ieT yBcpcHiio paiJinnaTb hotokh b 
pa3pe3C. 1 Iopo/lbl CHJIbHO IIO/lBCpWCHbl BTOpHHHbIM H3MCHCHHHM. B pC3yjIbTaTC KOTOpbIX OJIHBHH 
iiohth nojinocTbK) 3aMemen cepneHTHHOM hjih Goyjimn htom. Cbokhc oopainbi iiHKpHTOBbix 
6a3ajibiOB GbuiH oroGpanbi H3 ueurpajibHOH nacrH nanGojiee Momnoro h, kbk cjie;iciBHe 3Toro, 
iiaHMenee HiMenennoro noroKa. BCKpbiToro cktudkhiioh iia rjiyGnue 118-140 m. /leTajibnbie 
HCCJICAOBaHHH BbinOJlHCHbl J\J\H O^HOm H3 OOpa3UOB - XC-51/130 - H3 cro UCHTpaJIbHOH MaCTH. 

BocTOHHbifi Gopr XaiiTaficKo-PbiGHHucKoro Baia xapaiaepHjyerca pe3KHM H3MeHeiiHeM 
CTpoeHHH H COCTaBa nopo/l CBHTbl. Hx MOLUHOCTb COCTaBJIflCT Bcero 22 M. IipHMCM H3 pa3pe3a 
nonHOCTbio Bbina^aiOT nopo;ibi hhhchch noncBHTbi - nop(|)HpoBbie GaiajibTbi nopMajibiion 
Marne3HajibnocTH. a b ue-iOM cbhtb npeacTaB-iena aByMfl noTOKaxiH nnKpo6a3ajibTOB c 
co/iep>KaHHeM MgO = 12-16 Mac.%. Cjie^yeT OTMeraTb, mto b .aaHHOM pafloHc HaGjno/iaioTCH h 
H3MCHCHHH B XapaKTCpC Mar\iaTH3Ma: nOflBJUHOTCfl MHOrOMHCJICHHblC ByjlK'aHbl UCHTpaJlbHOrO THna 
BbicoroH b nepBbie ziecarKH MeTpoB, cjionceHHbie tohkhmh (10-15 cm) hpocjiohmh JiaBOBoro h 
nennoBoro MaTepnana. TaKHM o6pa30M. b \Ka3aHHon vkcctkoh aHTHKJWHajibHOH cTpyKType 
npeoGjia;ia»OT BeprHKajibHbie TpemHHHbie KaHajibi. no KOTOpbivi npoHcxo^HJio Gojiee Gbicrpoe 
H3BCp>KeHHC MarM Ha nOBepXHOCTb. HCM B COCC/WCH Myjlb^e (MTO, B03M02KHO. oGbflCHHCT 
MeHbuiyio KOHTaMHHauHio paciuiaBOB KopoBbiM MaTepHa-iOM - oop. 4270/13, cm. HH>i<e). 



Tperan H3 H3yneHHbix pa3pe30B t\v1hhxhhckoh CBHTbi pacno.iOyKeH b 3ana ( aHOH qacra 
TyuryccKOH CHHeKjiH3bi. Oh npe/iCTaB-ieH Bcero cuhhm hotokom nHKpHTOBbix 6a3ajibTOB, 
MOLUHOCTb KOTOpbIX COCiaBJIfleT 8 m (oop. CY-50). 

IIopoAbi noBbiuieHHOH MarHe3HajibHOCTH b npe/iejiax TyKJiOHCKOH h na/ioKUHiicKOH cbht 
pacnpocTpaHCHbi b panoHe KpaHHe orpaHHHCHHo. Ohh 3a(J)HKCHpoBaHbi tojh>ko b cocTaBC 
paCCJIOeHHbIX nOKpOBOB. IlHKpOOaTaJlbTbl B COCTaBe TJICIOHCKOH CBHTbi OllHCaHbl 


XC-51 



Phc. 2. 13. H3Meneime moluhogth hhkphtob ry/in hxhhckoh cbhtu (Gd) no H3yHeiiiibiM 

cKBa>KHHaM XC-51 h M^-57. 

YcjioBHbie o6o3Ha i ieHHH Ha pwc. 2.4. 

Ha r. CyHnyK (lOKHbiii 6opr 03 . r;iy6oKoro; Lightfoot et al.. 1993). a b Ha,zie>K/iHHCKOH - cpcw 
nopo,n MHKHaHr^HHCKoro noKpoBa (KpHBOJiyuKafl h j\p.. 2005). b boctomhom oopTy XaHTancKo- 
PbiSHHHCKoro Bana. Cootbctctbchho Ha\iH OTo6paHbi oopa3iibi CY-50 (tk CBHTa) h 530/12 (nd| 
CBHTa). Hx cocTaBbi, a TaiOKe cocTaBbi ojihbhhob npuBO^WTca jv ia cpaBiienna c ryuHHXHUCKHMH 
nopoziaMH. 

nempoepacpun nopod 

riHKpHTbl ry^MHXHHCKOH CBHTbi MaKpOCKOnHMCCKH XOpOIIIO OTJIHHaiOTCH OT AP>THX 
pa3HOBH ( ZlHOCTeH JiaB, B TOM HHCJie H OT BbICOKOMarHe3Ha_lbHbIX o6pa30BaiIHH TyKJlOHCKOH H 




HaAOKiJHHCKOH CBHT. OHH FlpeZlCTaBJIHJOT COOOH CpeAHe-KpynHOKpHCTaJIJIHMeCKHe Te\1H0-Cepbie, 
HHoraa c cj)HoaeTOBbiM ottchkom, MaccHBHbie nopoabi, cocToamne H3 ojiHBHiia (15-50 06 .%), 
n;iarHOKjia3a (20-50%), rinpoKcena (10-30%), xpoMiunHueanaa h BTopnHHbix MHHepajiOB. Hx 
TeKCTypHO-CTpyKTypHbie h MHHepanbHbie ocoGchhocth He3HaHHTejibHO BapbnpyioT. 

Haw6ojiee MarHe3HaabHbie nwcpHTbi H3 3anaaHOH nacTH XapaejiaxcKoro njraTO (oop. XC- 
51/130) oGaaaaior caaGo npoaBjieHHOH nop(|)HpoBon TeKCTypon h rHnnaHOMop(j)H03epHHCTOH 
CTpyKTypofi. B hx cocTaBe aoMHHnpyer ojihbhh (ao 50%). Kpyimbie HanoMop(|)Hbie 
npH3MaTHHecKHe 



Phc. 2.14. Cxe.Ma H3onaxHT iihkphtob 
ry^HHXHHCKOH CBHTbl (TjgcB) 

Tihk - xaKaHHaHCKaa cBHTa. 


KpHcrajuibi KOToporo (2-3 mm) hmcjot b iuiockocih ceneiiHH nuiH(|)a mecTHyroabnyio hjih 
ripaMoyrojibiiyio (|)opMy. MejiKHe (ao 1 mm) OBaabiibie h an oKpyrabie iepiia 3Toro MHiiepaaa 
ncpeaKo paciioaaraKrrca bhvtph yaanHCHHbix (ao 3 mm) TaGanTaaTbix 3epcn riaai HOKna3a (25%), 
(|)opMHpy« noHKHaHioByio crpyicrypy. MonoKaHimbiH nupoKceii (13%) rao<e oGpa^yer 
yanHHeHHbie (ao 1 mm) 3epHa, b neGoabinoM KoannecTBe BcrpenaeTCH pomGhhcckhh impoKceH 
(ao 3-4 °X). B riopoae raiOKe npHcvTCTByior xpoMHcraa uinwHeab, THTanoMai nernr, MHiiepajibi 
rpynribi ccpneHTHHa. riHKpo6a3aibTbi H3 BocTOHHoro oopia XaHTancKo-PbiGHHHCKoro Bana (oop. 
4270/13) OTaH i ia»OTCfl 6oaee m ea koK p h cxaia h i iec ko h rHimaH0M0p(|)H03epHHCT0H crpyicrypoH. 
/(jm ojiHBHua (oKoao 20%) THimMHbi MeaKHe naHOMop(|)Hbie 3epna. oaeHb Bbiaep>KaHHbie no 
paiMepy (b cpeaneM 0.5 mm), paBiioMepno pacnpeaeaeinibie b nopoae h npaKTHnecKH lie 
3aTpOHyTbIC BTOpHHHbIMH H3MCHCHHflMH. fIaarHOKaa3 (OKOaO 50%) BCTpCMaCTCa B BHae KpynHbIX 
aencT (5x2 mm), a NHpoKceH (npHMepHo 30%) - b BHae ooaee MeaKHX 3epeH HenpaBHabnon 
(|)opMbi. TnnHHHbie iiHKpHTbi 3anaaHOH aacTH TvHryccKOH cHHeKaH3bi (oGp. CY-50) oneHb 6an3KH 
no MHHepaabHOMy cocTaBy, CTpyicrype h TeKCType k onncaHHOH Bbirne pa3HOBHa»iocTH nopoa, no 
b OTanane ot hhx aBaaioTca ooaee pacKpHCTaiaH30BaHHbiMH. Pa3Mep cv6HaHOMop(j)Hbix, cnabHO 


H3MeHeHHbix Bbi;jejienHH oauBHua b cpeaneM cocTaBjiaer 1-2 mm (ao 1 34>), 60-70 % sepeii 
3aMemaeTca SoyjiHHnnoM hjih cepneHTHHOM. 

riHKpo6a3ajIbTbI TyKJIOHCKOH H Haje'/K.'IHHCKOH CBHT Ha6jIIOaa>OTCH B BH;ie npocjioeB 
MomnocTbio 5-80 cm cpean xojieHTOBbix 6a3ajibTOB noBbimeHHOH MarHe3HaabHOCTH (8-9 Mac. % 
MgO) h 6jih3kh Meacay co6oh xax no cocTaBy, Tax n no CTpyxTypHbiM ocoochhoctsm. Tax. ohh 
xapaiaepniyio'ica caaGo npoaaneHHOH nop(|)HpoBHanoH TexcTypon n aoaepHTOBoii cxpyxrypoH 
ochobhoh Maccw, b KOTopofl oGHapyjxHBaKnca paaHaabHo-aywHCTbie arperaTbi iuiarnoxjia3a 
h/hjih nnpoxceHa. /Jaa o6pa3ua nHxpo6a3aabTOB TyxaoHcxon CBHTbi (o6p. CY-33) TnnHHno 
HajlHHHC npaXTHMCCXH nOJIHOCTbK) H3MeHeHHbIX 3CpeH OJIHBHHa (15 %). CHOnOBH^HblX CpOCTXOB 
xpncTajuiOB luiai noxjiaxa pasMepoM ao 2 mm (30%) n xcenoMop<|)Hbix 3epen xjiHHonnpoxcena 
(55%). 

B anajioi'HMiibix nopoaax naaoxaHncxoli cbh™ (o6p. 530/12) Mejixne (1-2 mm) oanBHiioBbie 
riopclinpoBbie BbiaeaenHH cocTaBaaioT ao 30% ot oobCMa nopoabi. Ohh paBHOMepno 
pacnpeaeacHbi cpean ochobhoh Maccbi c aoaepmoBOH hjih paanaabHo-aywHCTOH cipyxiypoil, 
cao>xcnHOH MeaxHMH (0.5 mm) aencTa.MH naarnoxaa3a (40%) h H30MCTpH>iHbiMH 3epnaMH 
nnpoxceHa (30%) raxoro >xe pa3Mepa. 

Marne3HajibHbie nopoabi b HopnabcxoM paxpexe HXBecTiibi Toabxo b iih>khhx CBHxax: 
ry/iMHXHucxoH, TyxaoHcxofi h naaoxaHiicxoH. cocTaBbi xoTopbix npcacraBaeiibi b Ta6a. 2.3. 
OciioBHoe OTaHMHe ryaHHXHHCXHX nopoa ot 6a3aabTOB BbimeaoxamHX TyxaoncxoH h 
na/ioxaHHCxoH cbht xaxaiOMaeTCH b ooeaHeHHH TjnxeabiMH P33 h. caeaoBaxeabno. bmcoxom 
Gd/Yb oTHouieHHH. CocraBbi aByx oGpaxuoB ryawHXHiicxoH cbh™ (4270/13 h CY-50) BecbMa 
6jih3xh no GoabmHHCTBy xaeMeHTOB. ho cymecTBeHno oTaHnaioTCfl ot TpeTbero - XC-51/130 
(pnc. 2.15a). riocaeanHH 3HaHHTeabno CHJibiiee oooramen oaHBHHOM. h noxxoMy 
xapaxTepH3yK>uiHH ero cnexTp pacnpeaeaeHHa HecoBMecTHMbix xaeMeHTOB caBHHyT b o6aacTb 
hh3xhx xoHnempanHH. Oh rax>xe hmcct HBHbie npnxHaxH xoHxaMHHanHH xomHueHTajibHbiM 
xopoBbiM MaTepnaaoM: oGorameiiHe Th. U. Pb h oGeaHenne Nb. Ta h Ti. 3th ocoGennoc™ b eme 
Goabinen CTeneiiH xapaxxepiibi aaa Mai Hexnaabiibix nopoa xyxaoHcxoii (o6p. CY-33) h ocoGeimo 
Haae>xaHHcxoH cbutm (o6p. 530/12) (pnc. 2.156). CnexTp bi cocTaBOB 3thx nopoa b aeTaaax 

riOBTOpafOT COCTaB XOHTHHeHTajlbHOH xopbl. 

M3yneHHbie MarHe3HaabHbie nopoabi MoryT cHHTaTbca HaHMeHee an(j)(j>epeHUHpoBaHHbiMH, 
npHMHTHBHbiMH HaeHaMH raaBHbix reoxHMHHecxHx THnoB chGhpcxhx TpannOB HopHabCXOTO 



TaojiHua 2.3. CocTaB Manie3Ha;ibHbix nopoa HopnabCKoro panoiia 


KOMHOHeHT 

gd 

4270/13* 

gd 

CY-50 

gd 

XC-51/130 

tk 

CY-33 

nd 

530/12 

Si0 2 

47.33 

44.40 

44.47 

43.75 

48.12 

Ti0 2 

2.13 

1.58 

0.88 

0.70 

0.65 

A1 2 0 3 

10.14 

8.07 

6.68 

12.12 

9.93 

Fe 2 0 3 

13.22 

12.94 

13.35 

12.34 

12.82 

MnO 

0.18 

0.19 

0.19 

0.18 

0.18 

MgO 

13.14 

18.85 

22.97 

15.27 

17.28 

CaO 

9.54 

6.58 

5.37 

8.51 

7.74 

Na 2 0 

2.40 

0.78 

0.62 

0.78 

0.33 

K 2 0 

0.26 

0.10 

0.07 

0.23 

0.65 

P 2 O 5 

0.20 

0.17 

0.10 

0.06 

0.08 

Cr 2 0 3 

0.10 

0.15 

0.18 

0.09 

0.18 

n.n.n. 

1.44 

5.35 

5.40 

6.37 

2.98 

CyMMa 

100.07 

99.15 

100.28 

100.40 

100.93 

Sc 

18.9 

17.5 

15.9 

16.9 

29.2 

V 

260 

202 

148 

179 

194 

Co 

66 

83 

101 

79 

87 

Ni 

211 

1057 

1532 

429 

349 

Cu 

66 

67 

50 

79 

20 

Zn 

98 

92 

82 

73 

82 

Rb 

5.3 

3.8 

4.4 

4.9 

23.1 

Sr 

229 

135 

106 

139 

138 

Y 

20 

20 

12 

12 

16 

Zr 

99 

88 

44 

40 

77 

Nb 

6.8 

6.0 

3.1 

2.0 

5.9 

Cs 

2.28 

1.59 

0.39 

4.16 

3.33 

Ba 

59 

32 

44 

85 

174 

La 

7.7 

8.3 

5.0 

4.5 

10.8 

Ce 

21 

21 

12 

9 

23 

Pr 

3.09 

2.94 

1.65 

1.23 

2.79 

Nd 

15 

14 

8 

6 

12 

Sm 

4.2 

3.8 

2.0 

1.6 

2.6 

Eu 

1.63 

1.45 

0.75 

0.58 

0.70 

Gd 

4.54 

4.12 

2.25 

1.93 

2.60 

Tb 

0.69 

0.62 

0.35 

0.33 

0.43 

Dy 

4.00 

3.49 

2.00 

2.13 

2.61 

Ho 

0.76 

0.66 

0.38 

0.44 

0.58 

Er 

1.96 

1.64 

0.98 

1.23 

1.52 

Tm 

0.26 

0.22 

0.13 

0.18 

0.22 

Yb 

1.57 

1.28 

0.80 

1.16 

1.43 

Lu 

0.23 

0.18 

0.12 

0.17 

0.21 

Hf 

3.03 

2.44 

1.26 

1.20 

1.93 

Ta 

0.57 

0.45 

0.25 

0.16 

0.34 

Pb 

2.64 

1.17 

2.02 

3.27 

3.41 

Th 

0.82 

1.28 

1.19 

0.47 

2.09 

U 

0.27 

0.21 

0.21 

0.10 

0.47 


IlpHMeMaHne. 3aecb h b Taoii. 2A-2.6 - OKCHabi h hx cyMMa aaHbi b Mac. %, 3JieMeHTbi - b ppm; 


n.n.n. - noxepH upw npoKajiHBanHH (Mac.%). Cbhth: gd - ryaHHXHHCKaa, tk - TyKJiOHCKaM, nd - 
h aziOKiiH h cKas ■ * - HOMep oopa3iia. 








paHOHa (ra6jl. 2.3). fy/tHHXHHCKHe [IHKpHTbl flBJIHIOTCH npHMHTHBHbIM HJieHOM 6a3aJIbTOB 
yMepeinio-THTaHHCToro Tnna, npencTaBinnomero okojio 8% jiaB pa3peia (Fedorenko et al., 1996). 
TyKjioncKHe iiHKpo6a3aibTbi no cobokviihocth reoxHMHMecKnx xapaicrepHCTHK OTBenaiox 
rjiaBHOMy, HH3KOTHTaHHCTo\iy, Tnny MarMaTH3Ma, (3aHHMaiomeMy 6ojiee 75% ooxeivia 
HopnjibCKoro pa3pe3a), oTjiHMaacb ot ocTajibHbix nopojt 3toh cepnn jinuib hh3Khmh 
OTHOineHHHMH H30T0H0B CBHHua 2<)6 Pb/ 204 Pb h 208 pb/ 204 pb (Wooden et al., 1993; Fedorenko et al., 
1996). 0;tHaKO noacojibKy rjiaBHbifi BKJia;i b co^ep>KaH hh h, cjie;tOBarejibno, b rnoroimbin cocTaB 
CBHHLta 




Phc. 2.15. 

Cue Kip bi pac 11 pe^aeji e i in « 
pe^KHX 3J1CMCHTOB B 
iiHKpnrax HiynenHbix 
OOpa3UOB ryZIHHXHHCKOH 
CBHTbl (A), 
riHKpoGaiajibTax 
TyKJIOHCKOH, 

iia.aoK.aHiicKOH cbht w 

Kopbl (B). 


TyK-lOHCKHX nHKpo6a3aJIbTOB BHOCHT KOpOBblH KONinOHCHT (pHC. 2.156), 3TO pa3JlH l IHe AOJlyKHO 
Gbirb cjie^CTBneM pajHoro cocxaBa KonTaMHunpoBamioro BemecTBa. a ne po^onaHaiibiibix \iarivi. 
Maite^HHCKHe MarHe3HanbHbie nopojbi hb.isiotch npo.ayKTOM KpHCTainH3auHH npnMHTHBHoro 




Hjiena MarM, o6pa3\ioiuHX nopoabi HaaeacaHHCKOH cbhtli h MaKCHMajibHO ripnGjiH^emibie k 
npo;jyKTaM KOHTHHCHTaJIbHOH Kopbi. 

Cocmae o/iuguho 

no cocTaBy otmctjihbo BbiaejiaiOTCfl TpH rpynribi BKpanjieHHHKOB ojiHBHHa b 3c|)(|)y3HBHbix 
nopoflax (IlpHjio>KeMHe 3). K nepBOH rpynne othochtch BbicoKOHHKejieBbie h HH3K0\iapraimeBbie 
OJIHBHHbl H3 nopoil ryaMHXHHCKOH CBHTbi, KOTOpbie npaKTHMCCKH He HMdOT anaaoroB cpean 
ojihbhhob MaHTHfiHbix MarM. Coaep>KaHHe (|)opcTepHTOBoro MHHaria b o.THBHHax otoh rpynribi 
aocraraeT 84%. MeHbine Ni h 6oabwe Mn coaepwaT MarHCTHaabHbie ojiHBHHbi H3 nopoa 
HaaoKanncKon cbh™, h, HaKOHen, m hhhm ajibnbie KoimempaitHH Ni h viaKCHNiajibUbie Mn 
xapaKTepiibi aJifl ojihbhhob TyKJioncKOH CBHTbi. B ooenx rpynnax MaKCHMaabnoe coaepwaiiHe 
(|)OpCTCpHTa HC npCBblUiaCT 80 %. XapaKTepHOH OCOOCHHOCTblO COCTaBa OJIHBHHa HaaOKaHHCKOH 
CBHTbi HBJIHeTCfl TaK/KC KpyTOH TpCHa nOHH/KCHHfl KoimenTpauHH Ni C yMeilbUICHHeM 
Marnc3HajibHocTH. koto p bin coBepmeHHO He OTpa>xaeTCH Ha OTHOiueHHH Mn/Fe. 3tot thii xpeHaa 
xopomo o6b«cii>ieTca uponeccoM yaajieiiHH cyjib(|)Hanoro paciuiaBa H3 hcxoahoh /Xjih 
mmoKjiHHCKHX nopoa \tar\ibi. npejmoyKCH h bi m aJifl oStflcueunfl o6e\HHeiiHfl naaoKaHHCKHx jiaB 
pyzinbiMH 3Jie\ieHTaMH (Naldrett et al., 1992). 

B pa5orax (Sobolev et al., 2 0052007 boianano. mto h36i>itok Ni h neaocTaTOK Mn b 
cocTaBe ojiHBHiia no cpamieiiHio c ypOBHeM pamioBecHH c MaumHiibiMH i iepwaoTHTaM h 
CB naerejibCTByer o npncyTCTBHH b cucreMe npoayKTOB naaBJienHfl 6e30JiHBHHOBoro impoKceiiH ia. 
o6pa30BaHnoro b pe3yjibiare peaKiinn peumoinpoBannoH Kopbi h nepnflOTHTa. OTHOiueHHH Mn/Fe 
h Ni/(Mg/Fe) b ojiHBHHe 6biJiH napaMeTpH30Banbi jxj\h onpeaejienHfl aoan pacruiaBa H3 
impoKceHHTOBoro HCTOMHHKa b BajioBOM cocTaBe pacnaaBa (Sobolev et al., 2007, 2011). 3th 
oneiiKH Gbijin paccMHTaHbi nejaBHCHMo no Mn/Fe h Ni/(Mg/Fe) OTHomeiiHflM jv BKpaiijieniiHKOB 
ojiHBHiia HCCJie/tOBaiiHbix oGpaxnoB. OneBnaiio. mto BKpaiiJien hhkh ojiHBHHa ryaM h x hh c koh CBHTbi 
CBHaeTeJIbCTBVIOT O npaKTHMCCKH MHCTOM HHpoKeenHTOBOM 6e30JIHBHIIOBOM HCTOMIIHKe 3THX 
MarM, Kax y>Ke OTMCMaaoeb paHee (Sobolev et al., 2007). MarHC3HajibHbie ojiHBHHbi Haae>KaHHCKOH 
h TyKJiOHCKOH cbht coaepwax iiiaMHTejibno MeHbine nupoKceuHTOBoro KOMnoneina. 
OpaKunoHHpoBaHHe cyjib(j)naHoro pacnaaBa b MarMax h aaoxan hckoh CBHTbi cymecTBeHHo 
3aHH>i<aeT oueiiKy nHpoKceHHTOBoro KOMnoHeHTa. paccMHTaHHvio no oTHomennio Ni/(Mg/Fe) b 
OJlHBHHe, HO npaKTHMCCKH He BJIHSeT Ha noaOOHVK) OUCHK). nOJiy^ICHHVIO no OTHOHJCHHIO Mn/Fe. 

Cocmoe LunuHeneu 

BKjnoMeHHfl mnHHe.TH bo BKpanjieHHHKax ojiHBHHa nopoa ryan hxhhckoh CBHTbi othochtca k 
B bICOKOXpOMHCTOH pa3HOBHaHOCTH (Cr/(Cr+Al) = 0.70 ± 0.03) C nOBblineHHblMH eoaep>KaHH5IMH 



TiOi (1.6 ± 0.4 Mac. %), V 2 O 3 (0.5 ± 0.1 Mac. %) h bucokhm oiHouieHneM Fe 2 + /Fe 3+ = 5.0 ± 0.6. 
CocTaB LuriMHeiiH He xoppeanpyeT c cocTaBOM BMemaiouiero ojihbhh 3. KOTopbifi MeHaeTca b 
HHT epBajre F 0 & 4 - F 079 . OOpamaioT Ha ce 6 a bhhm3hhc npH3H3KH HeoobiHHO hhbkoh acTynecTH 
KHCJiopo;ia cpejibi KpHCTaaaH3anHH, o we.M CBHaeTeabCTByioT BbicoKne OTHOiueHHa Fe 2 7Fe 3 ' h 
3HaHHTenbHbie KOHueHTpaunH BaHaana b uinHHejiH (Canil, 2002). 

BK/uo^eHua e o/iueuHe 

Mai MaiHwecKHe bkjhohchhs nccaeaoBaancb b ojiHBHuax H3 oopa3HOB XC-51/130. 4270/13 h CY- 
50 ryflHHXHHCKOfi CBHTbi. Ohh npeacTaBaeHbi pacKpHcraaaH30BaHHbiM pacnaaBOM, mnnHeabio h 
M aJIOHJlOTHblM (j)JIIOHHOM, pe>Ke KOMOHIiaUHeii 3THX ({)a3 B pa3HbIX COOlHOIIieilHHX. BojIbUlHlICTBO 
BKjnoneHHH hc npnypoweHo k naocxocTa.M TpemHH. a pacnoaowcHo occchctcmho b npeaeaax 
o 6 beMa BKparuieHHHKOB. TaKHe bkihohchhm HHTepiipempoBajmcb Rax nepBHHHbie, r.e. 
3axBa i ieHHbie b ripouecce pocTa BxpanaeHHnxoB (Roedder. 1984). 

OopMa GoabLUHHCTBa pacnaaBHbix BxaioneHHH oxpyraaa nan 3aaHncoHanaa. Thiimhhmm 
p cBMep xoaeSaeTca ot 2 0ao 8 0 mkm no juihhho h och. BxaioneiiHa coctoat H3 xp itTaaaoB 
xaHnoiinpoxcena, HHTepcTHUHaabHoro cTexaa. o6oco6acHHii MaaoriaoTHofi (|)aioHaHofi (]>a3bi 
(ycaaoHHbie noaocTn), xpHCTaaaoB mnHHeaw h HHoraa oneHb Meaxnx xaneab cyab<j)nanoro 
pacriaaBa. UpH narpeBaiiHH BRaionenna naHHHaioT naaBHTbca npn TeMrieparypax 1050-11()0"C, 
nocaeanHH aonepiiHH xpwcTaaa nnpoxcena ncnejaeT b HirrepBaae TeMnepaTyp 1150-11 80°C. 
rOMOrCHH3aUHH BKaiOMCHHH (n03H0C paCTBOpCHHe (])aiOHaHOH (])33bl B paCnaaBC) ripOHCXOaHT 
npaKTHHecKH oanoBpeMeHiio bo Bcex BxaioHennax cepHH. MuTepBaa TeMnepaTyp roMoreiiH3auHH 
no aaHHbiM 15 axcnepHMeHTOB cocTaBaaeT 1180-1290°C. B paae roMoreHH3npoBanHbix 
BKjiioHeiiHH nocae 3axaaxH ocraerca xopouio oGpaTOBanubm xpucraaa mnwHeaH, KOTopbifi 
HHTepnpeTHpoBaaca xax xcenorennbiH. T.e. TaxBaneHHbiH BMecTe c pacnaaBOM. 

^aa nojiyneiiHa CTaTHCTHnecxn npeacraBHTeabHoro MaTepnaaa no cocraBy pacnjiamibix 
BKaioneHHH 100-150 3epeH oaHBHHa xaacaoro H3 o6pa3UOB XC-51/130, 4270/13, CY-50 6 bian 
BbiaepacaHbi b TeneHHe 20 mhh. npH TeMnepaType 1250°C b BepTnxaabHofi 3axaaonHOH nenn npn 
(j)yrnTHBHOCTH xncaopoaa, cootbctctby'ioiuch 6 y(j)epy QFM h 3axaaeHbi. 3axaaeHHbie KpncTaaabi 
6 biaH OTman(J)OBaHbi, OTnoaHpoBaHbi h nccaeaoBaHbi noa MHxpocxonoM. /(aa onpeaeaeHna 
cocTaBa ncnoab30Baan roMoreHHbie BxaioHeHna nan Bxaio'ienna c aoaen ycaaonnoH noaocTH 
((J)aioHanoro riy3bipbxa) MeHee 0.1% ooi»eMa BxatoneHHa, HMeiomne pa3Mep 6 oaee 40 MHKpon. 



TaojiHua 2.4. CocraB pacruiaBHbix BKjnoHCHHH h o;iHBHHa-xo3HHHa H3 nHKpHTOB 


ryZlHHXHHCKOH CBHTbl 


KoMnoneHTpy50-3 

.'Y50-4 

:Y50-5 

:Y50-6 


Y50-8 

:Y50-9 

/50-10/50-11 CY50-12 

PacnnaBHbie BicmoHeHna 

sio 2 


50.92 


*ULC1 

'jftUggJi 


mi fr/n 

WMJ&M 

■awrai 


Ti0 2 

2.29 

2.56 

2.22 

2.24 

2.63 

2.26 

2.28 

2.30 

2.38 

2.35 

AI 2 O 3 

13.01 

12.48 

13.35 

13.09 

12.87 

13.16 

13.33 

12.71 

13.34 

13.27 

FeO 

9.46 

10.05 

8.82 

8.57 

9.02 

8.80 

8.74 

9.66 

8.19 

8.15 

MnO 

0.13 

0.13 

0.11 

0.13 

0.11 

0.12 

0.14 

0.10 

0.13 

0.10 

MgO 

9.85 

9.62 

9.50 

9.71 

9.96 

9.90 

9.88 

9.99 

9.67 

9.74 

CaO 

10.88 

10.22 

11.26 

11.39 

11.18 

11.35 

11.13 

10.91 

11.54 

11.41 

Na.O 

2.33 

2.42 

2.45 

2.23 

2.27 

2.29 

2.40 

2.30 

2.34 

2.33 

K 2 0 

0.37 

0.43 

0.40 

0.50 

0.44 

0.45 

0.39 

0.35 

0.40 

0.39 

P 2 O 5 

0.21 

0.25 

0.19 

0.23 

0.25 

0.19 

0.21 

0.21 

0.20 

0.21 

S. Mac.% 

0.04 

0.05 

0.04 

0.06 

0.06 

0.04 

0.05 

0.03 

0.03 

0.04 

Cl, Mac.% 

0.041 

0.072 

0.101 

0.205 

0.057 

0.120 

0.074 

0.046 

0.074 

0.056 

CyMMa 

99.38 

99.20 

99.49 

99.42 

99.09 

99.92 

99.88 

99.12 

99.44 

98.49 


■WIL1 

nm£l 

Biel 

■00X1 ■ 

■jXjttfl 


■ITCH 

■0MM 


■ixim 


0.185 

0.100 

0.187 

0.219 

0.177 

0.188 

0.208 

0.181 

0.150 

0.153 

11 O 2 Mac.% 

TTT 



2.14 


~2.24 

2.23 

2.26“ 

2.36 

2.21 

11 2 0. Mac.% 

0.05 

0.07 

0.03 

0.03 


0.05 

0.03 

0.06 

0.04 

0.03 

B 

4.0 

4.7 

5.4 

7.1 


6.5 

4.9 

4.0 

5.3 

4.3 

Li 

5.8 

6.2 

4.3 

4.9 


4.4 

4.4 

5.6 

5.0 

4.9 





m@UE£| 




mxt.m 



Ba 

71.7 

85.1 

83.9 

99.7 

84.7 

84.7 

76.1 

69.2 

77.5 

71.6 

Th 

1.00 

1.22 

1.26 

1.39 

1.19 

1.24 

0.96 

1.02 

1.15 

1.02 

U 

0.26 

0.33 

0.35 

0.39 

0.33 

0.33 

0.32 

0.28 

0.31 

0.32 

Nh 

9.85 

11.43 

10.23 

11.71 

12.90 

10.23 

9.48 

9.90 

10.58 

10.10 

Ta 

0.71 

0.75 

0.69 

0.77 

0.83 

0.68 

0.63 

0.66 

0.69 

0.68 

La 

10.51 

12.21 

1 l.l 1 

12.68 

12.49 

11.27 

10.39 

10.27 

10.56 

10.19 

Ce 

28.13 

31.10 

27.96 

31.98 

32.35 

27.31 

26.26 

26.07 

27.97 

26.67 

Pb 

1.35 

1.87 

1.81 

1.90 

1.93 

1.93 

1.58 

1.41 

1.63 

2.46 

Pr 

4.03 

4.75 

4.02 

4.60 

4.86 

4.02 

3.71 

3.94 

4.19 

3.93 

Nd 

19.92 

23.73 

20.80 

21.42 

23.70 

20.11 

19.70 

19.93 

20.19 

19.05 

Sr 

297 

368 

343 

355 

387 

322 

292 

299 

313 

302 

Sm 

5.56 

6.63 

6.14 

5.41 

6.50 

5.45 

5.64 

5.76 

5.84 

5.53 

Zr 

146 

173 

148 

153 

186 

143 

132 

143 

150 

147 

Hf 

3.65 

4.63 

3.90 

4.21 

4.62 

3.63 

3.64 

3.74 

3.99 

3.85 

Eu 

2.02 

2.22 

1.96 

1.97 

2.08 

1.82 

1.81 

1.82 

1.98 

1.89 

Ti 

14108 

15850 

13939 

14608 

16584 

14292 

13765 

14195 

15210 

14787 

Ud 

6.04 

7.29 

6.43 

6.22 

6.85 

6.11 

5.97 

6.25 

6.01 

6.19 

Tb 

0.97 

1.15 

1.01 

0.96 

1.05 

0.93 

0.98 

0.92 

0.92 

0.97 

Dy 

5.67 

6.62 

5.79 

5.82 

5.86 

5.84 

5.29 

5.54 

5.54 

5.56 

Ho 

1.09 

1.26 

1.09 

1.06 

1.08 

1.06 

0.93 

1.06 

0.98 

0.99 

Y 

26.83 

33.81 

29.22 

27.43 

30.44 

27.80 

26.43 

26.02 

26.03 

26.40 

Hr 

2.65 

3.44 

2.94 

2.74 

2.82 

2.59 

2.43 

2.72 

2.56 

2.71 

Tm 

0.35 

0.43 

0.34 

0.33 

0.35 

0.34 

0.32 

0.31 

0.32 

0.32 

Yb 

1.96 

2.75 

2.13 

2.23 

2.04 

2.03 

1.95 

1.94 

2.13 

2.00 

Lu 

0.29 

0.39 

0.31 

0.28 

0.29 

0.27 

0.27 

0.27 

0.26 

0.29 

0/1HBMH-X0351MH 









78.86 


80.45 


38.64 

38.64 

38.90 

39.04 

39.12 

39.21 

39.40 

39.07 

39.23 

39.02 


0.008 

0.019 

0.011 

0.012 

0.011 

0.012 

0.008 

0.008 

0.012 

0.016 

AI 2 O 3 

0.024 

0.027 

0.028 

0.029 

0.028 

0.025 

0.027 

0.023 

0.023 

0.024 

FeO 

19.07 

21.00 

18.47 

17.83 

19.06 

18.77 

18.47 

19.83 

17.95 

18.43 

MnO 

0.230 

0.263 

0.220 

0.216 

0.230 

0.227 

0.224 

0.247 

0.216 

0.220 

MgO 

41.79 

40.40 

42.52 

43.32 

42.31 

42.28 

42.59 

41.51 

42.96 

42.58 

CaO 

0.294 

0.302 

0.293 

0.298 

0.300 

0.304 

0.294 

0.287 

0.292 

0.297 

NiO 

0.360 

0.317 

0.386 

0.385 

0.357 

0.374 

0.382 

0.359 

0.389 

0.381 

Cr 2 0 3 

0.045 

0.033 

0.048 

0.048 

0.049 

0.040 

0.048 

0.047 

0.047 

0.039 

CyMMa 

100.47 

101.01 

100.90 

101.20 

101.49 

101.26 

101.46 

101.40 101.14 

101.03 









KoMnOHCH 


ripojo.TA'enHe 1 xaojiHUbi 2.4. 


CY50- CY50- CY50- CY50- CY50- CY50- CY50- CY50- CY50- CY50- 
13 201 202 203 204 205 206 207 13 201 



ai 2 o 3 

FeO 
MnO 
MgO 
CaO 
Na 2 () 
K 2 0 
P2O5 
S, Mac.% 
CM, Mac.% 
CyMMa 


Cr!o 3 



13a 

Th 

U 

Nb 

Ta 

La 

Ce 

Pb 

Pr 

Nd 

Sr 

Sm 

Zr 


Ho 

Y 


Tm 

Yb 



A1 2 0 3 

FeO 

MnO 

MgO 

CaO 

NiO 

Cr 2 0 3 

CyMMa 


50.63 

2.29 

12.94 

9.39 

0.13 

9.78 

10.77 

2.46 

0.49 

0.21 

0.05 

0.133 

99.27 


78.06 

38.77 

0.008 

0.026 

20.56 

0.246 

41.04 

0.288 

0.361 

0.036 

101.37 


50.09 
2.30 
12.73 
9.99 
0.13 
9.70 
11.22 
2.19 
0.34 
0.19 
0.04 
0.035 
98.97 


50.39 
2.37 
12.84 
9.69 
0.14 
10.05 
11.21 
2.12 
0.34 
0.22 
0.05 
0.039 
99.4 


acnaaBHbie BicniOHeHMfl 


50.04 50.59 50.53 

2.42 2.30 2.33 

13.32 12.83 12.80 

8.41 9.90 9.71 

0.11 0.13 0.13 

9.91 9.84 9.77 

11.16 10.77 11.17 

2.26 2.29 2.07 

0.38 0.37 0.36 

0.23 0.22 0.20 

0.06 0.05 0.03 

0.066 0.047 0.043 

98.37 99.34 99.14 


0.38 

0.23 

0.06 


12.80 

9.71 

0.13 

9.77 


0.36 

0.20 

0.03 


50.28 

2.36 
12.79 
10.20 
0.14 

9.37 
11.27 
2.07 
0.36 
0.23 
0.06 
0.043 
99.19 


50.44 

2.21 

13.00 

9.99 

0.15 

9.11 

10.69 
2.46 
0.35 
0.19 
0.04 
0.066 

98.69 


50.63 

2.29 

12.94 

9.39 

0.13 

9.78 

10.77 

2.46 

0.49 

0.21 

0.05 

0.133 

99.27 


J1HBHH-X03HHH 


77.07 

77.66 

81.25 

79.85 

38.42 

38.94 

39.39 

39.57 

0.016 

0.011 

0.011 

0.009 

0.030 

0.027 

0.024 

0.026 

21.12 

20.86 

17.67 

19.02 

0.253 

0.247 

0.213 

0.232 

39.82 

40.68 

42.96 

42.27 

0.312 

0.294 

0.292 

0.294 

0.340 

0.345 

0.384 

0.366 

0.029 

0.031 

0.042 

0.044 

100.36 

101.44 

101.00 

101.8^ 


79.14 

39.43 

0.009 

0.022 

19.67 

0.236 

41.86 

0.294 

0.349 

0.036 

101.91 


79.36 
38.70 
0.010 
0.030 
19.18 
0.230 

41.37 
0.289 
0.358 
0.041 
100.22 


78.06 

38.77 

0.008 

0.026 

20.56 

0.246 

41.04 

0.288 

0.361 

0.036 

101.37 


50.09 
2.30 
12.73 
9.99 
0.13 
9.70 
11.22 
2.19 
0.34 
0.19 
0.04 
0.035 
98.97 



2.20 

2.20 

0.04 

0.04 

6.5 

6.5 


11.32 

7.78 

7.50 

8.90 

7.24 

8.18 

7.27 

8.11 

11.32 

7.78 

93.7 

73.6 

71.9 

77.0 

69.6 

76.6 

73.6 

72.4 

93.7 

73.6 

1.34 

1.00 

0.94 

l.l 1 

0.97 

1.11 

1.00 

1.03 

1.34 

1.00 

0.36 

0.28 

0.28 

0.32 

0.29 

0.30 

0.30 

0.26 

0.36 

0.28 

11.27 

10.28 

10.08 

10.55 

9.65 

9.96 

9.91 

9.28 

11.27 

10.28 

0.73 

0.66 

0.67 

0.72 

0.65 

0.68 

0.70 

0.61 

0.73 

0.66 

12.21 

10.41 

10.43 

11.07 

10.39 

10.36 

10.38 

10.41 

12.21 

10.41 

29.99 

26.76 

26.76 

28.33 

26.87 

27.11 

27.38 

26.65 

29.99 

26.76 

2.03 

1.59 

1.46 

1.76 

1.48 

1.57 

1.51 

1.55 

2.03 

1.59 

4.31 

3.94 

4.01 

4.29 

4.09 

3.98 

3.84 

4.01 

4.31 

3.94 

21.35 

20.27 

20.30 

21.49 

18.87 

20.46 

20.29 

18.73 

21.35 

20.27 

325 

308 

299 

320 

312 

313 

313 

304 

325 

308 

5.79 

5.49 

5.85 

6.01 

5.70 

5.75 

5.69 

5.96 

5.79 

5.49 

147 

147 

144 

155 

149 

148 

149 

141 

147 

147 

4.03 

4.09 

3.92 

4.21 

3.84 

4.02 

3.87 

3.75 

4.03 

4.09 

1.99 

1.97 

1.86 

1.96 

1.87 

1.85 

1.97 

2.03 

1.99 

1.97 

14244 

14927 

14896 

15370 

14218 

14274 

14543 

13566 

14244 

14927 

6.43 

6.20 

6.38 

6.69 

6.13 

6.06 

5.86 

6.32 

6.43 

6.20 

1.01 

0.95 

0.96 

0.99 

0.99 

0.93 

0.95 

1.03 

1.01 

0.95 

6.36 

5.86 

5.74 

5.92 

5.73 

5.71 

5.70 

5.64 

6.36 

5.86 

1.17 

1.03 

1.04 

1.09 

1.01 

1.06 

1.08 

1.01 

1.17 

1.03 

29.75 

27.26 

26.57 

27.20 

26.90 

26.93 

26.95 

26.92 

29.75 

27.26 

3.08 

2.65 

2.68 

2.69 

2.55 

2.68 

2.72 

2.60 

3.08 

2.65 

0.39 

0.33 

0.33 

0.34 

0.33 

0.34 

0.31 

0.34 

0.39 

0.33 

2.43 

2.05 

2.07 

2.10 

2.15 

2.21 

2.02 

1.99 

2.43 

2.05 












77.07 

38.42 

0.016 

0.030 

21.12 

0.253 

39.82 

0.312 

0.340 

0.029 

100.36 









ripo;ioji>KeHHe 2 raojiHUbi 2.4 


CY50- 

KoMnoHeHT OAO 4270-1 4270-2 4270-3 4270-4 4270-5 4270-6 XC51-1 XC51-4 XC51-5 

208 



acnnaBHbie BKjnoneHHfl 


Ba 

I'h 

U 

Nb 

Ta 

La 

Ce 

Pb 

Pr 

Nd 

Sr 

Sm 

Zr 

Hf 

Eu 

Ti 

Gd 

Tb 

Dy 

llo 

Y 

Er 

Tm 

Yb 


AI 2 O 3 

FeO 

MnO 

M*>0 

CaO 

NiO 

C’r 2 0 3 

CyMMa 


50.28 

2.31 

13.21 

9.26 
0.13 
9.30 
I 1.21 

2.27 
0.33 
0.22 
0.02 
0.044 
98.58 


50.11 
2.32 

12.84 
10.15 
0.14 
9.94 
10.55 
2.17 
0.36 
0.24 
0.04 
0.041 
98.91 


50.08 
2.25 
13.11 
9.90 
0.13 
9.96 
10.62 
2.20 
0.34 
0.20 
0.04 
0.043 
98.87 


48.60 49.74 

2.57 2.25 


12.89 

10.98 

0.14 

9.73 

10.69 

2.20 

0.37 

0.23 

0.04 


12.72 

11.20 

0.16 

9.84 

10.42 

2.32 

0.34 

0.18 

0.05 


0.032 0.029 

98.47 99.25 


50.65 

2.28 

12.80 

9.95 

0.15 

10.05 

10.88 

2.19 

0.33 

0.21 

0.04 

0.039 

99.57 


49.73 

2.31 

12.85 

10.83 

0.14 

9.69 

10.57 

2.28 

0.32 

0.22 

0.03 

0.035 

99.01 


52.86 

1.71 
13.46 
8.37 
0.12 
9.50 

9.72 
2.41 
0.63 
0.16 
0.03 
0.003 
98.98 


52.95 

1.65 

13.29 

9.40 

0.13 

9.63 

9.76 

2.28 

0.59 

0.15 

0.04 

0.003 

99.86 


NiO 

ESDI 

0.052 

0.056 

0.051 

0.047 

0.056 

0.050 

0.038 

0.032 1 

Cr 2 Oi 

i mm 

0.199 

0.093 

0.114 

0.046 

«X wm 

0.150 

0.168 

0.099 1 




J1HBMH-X03HHH 


52.78 

1.76 

13.43 

8.51 

0.11 

9.42 

9.95 

2.37 

0.61 

0.18 

0.04 

0.005 

99.17 




2.32 

0.18 

3.8 

4.5 

2.26 

0.12 

3.5 

3.6 

2.72 

0.25 

3.7 

5.3 

2.14 

0.13 

3.0 

3.2 

2.24 

0.19 

3.7 

4.8 

2.34 

0.14 

3.2 

5.0 

1.65 

0.05 

3.9 

7.0 

1.60 

0.06 

5.3 

7.7 

1.74 

0.05 

3.7 

7.3 

7.51 

7.06 

6.87 

8.12 

6.59 

6.95 

6.65 

20.46 


19.81 

73.7 

75.7 

67.8 

81.0 

68.7 

69.1 

72.6 

115.4 


1 14.5 

0.89 

1.06 

0.91 

1.02 

0.89 

0.89 

0.92 

1.38 


1.39 

0.26 

0.28 

0.27 

0.31 

0.26 

0.27 

0.25 

0.53 


0.54 

10.04 

10.62 

9.15 

11.40 

8.66 

9.31 

8.92 

8.20 


8.32 

0.67 

0.79 

0.62 

0.81 

0.55 

0.64 

0.60 

0.56 


0.62 

10.50 

1 1.36 

9.81 

11.53 

9.23 

9.83 

10.09 

9.59 


9.62 

28.24 

29.27 

24.73 

29.92 

24.07 

25.91 

26.29 

23.42 


24.17 

1.22 

1.46 

1.37 

1.54 

1.29 

1.37 

1.18 

3.68 


3.47 

4.19 

4.40 

3.83 

4.53 

3.58 

3.82 

3.89 

3.36 


3.58 

21.14 

21.72 

19.35 

22.10 

17.59 

19.27 

19.17 

16.37 


17.89 

303 

309 

287 

329 

282 

292 

282 

258 


279 

5.93 

6.44 

5.30 

6.04 

5.21 

5.51 

5.44 

4.50 


4.65 

148 

160 

138 

166 

132 

137 

134 

120 


131 

3.97 

4.22 

3.65 

4.40 

3.69 

3.68 

3.55 

3.25 


3.59 

1.90 

2.03 

1.77 

2.00 

1.78 

1.93 

1.79 

1.53 


1.66 

14202 

13724 

13508 

16659 

13326 

14398 

13649 

10309 


10927 

6.63 

6.88 

6.11 

6.73 

5.61 

5.93 

6.25 

4.80 


5.48 

1.03 

1.00 

0.91 

1.02 

0.94 

0.96 

0.98 

0.81 


0.80 

5.79 

5.93 

5.47 

6.05 

5.81 

5.56 

5.46 

4.81 


4.95 

1.03 

1.11 

0.98 

1.10 

1.03 

0.98 

1.03 

0.84 


0.92 

26.80 

26.23 

25.47 

27.89 

26.60 

25.79 

25.36 

22.46 


23.75 

2.70 

2.54 

2.48 

2.87 

2.86 

2.66 

2.50 

2.21 


2.61 

0.27 

0.39 

0.34 

0.34 

0.34 

0.31 

0.33 

0.30 


0.31 

2.01 

2.01 

1.96 

2.26 

2.34 

2.01 

1.94 

1.76 


1.82 

0.27 

0.26 

0.27 

0.29 

0.26 

0.25 

0.28 

0.25 


0.27 


80.55 

80.41 

80.23 

77.60 

77.90 

80.32 

78.97 

79.93 

79.63 

80.17 

39.35 

39.04 

39.54 

38.98 

39.32 

39.18 

39.13 

38.83 

39.29 

39.21 

0.014 

0.013 

0.014 

0.018 

0.013 

0.010 

0.010 

0.011 

0.008 

0.012 

0.028 

0.032 

0.030 

0.028 

0.025 

0.025 

0.025 

0.023 

0.023 

0.024 

18.38 

18.40 

18.66 

20.89 

20.72 

18.52 

19.77 

18.89 

19.18 

18.73 

0.219 

0.222 

0.223 

0.249 

0.249 

0.222 

0.237 

0.237 

0.240 

0.236 

42.70 

42.37 

42.50 

40.60 

40.98 

42.41 

41.66 

42.20 

42.14 

42.24 

0.296 

0.291 

0.293 

0.304 

0.295 

0.297 

0.290 

0.266 

0.260 

0.270 

0.370 

0.370 

0.387 

0.339 

0.363 

0.365 

0.353 

0.344 

0.342 

0.346 

0.039 

« m am 

0.036 

0.045 

0.034 

0.039 

0.045 

0.040 

0.043 

0.039 

0.036 




WMW 


KlJlVil 




(uii.miiiii 








OKOHHaHHe xaQjiHUbi 2.4. 


KoMnoHeHT XC5I-6 XC5I-7 XC5I-9 XC5I-1I XC5I-I2 XC5I-I3 XC5I-I4 XC51-16 XC51-18 


Ti0 2 

ai 2 o 3 

FeO 
MnO 
MgO 
CaO 
Na.O 
KiO 
P 2 O 5 
S. Mac.% 
Cl. Mac.% 
Cyvivia 


Ba 

Th 

U 

Nb 

Ta 

La 

Ce 

Pb 

Pr 

Nd 

Sr 

Sin 

Zr 

Ilf 

Eu 

Ti 

Gd 

Tb 

Dy 

Ho 


Er 

Tm 

Yb 

Lu 


50.28 

2.31 

13.21 

9.26 
0.13 
9.30 

11.21 

2.27 
0.33 
0.22 
0.02 
0.044 
98.58 


50.11 
2.32 
12.84 
10.15 
0.14 
9.94 
10.55 
2.17 
0.36 
0.24 
0.04 
0.041 
98.91 


PacruiaBHbie 


50.08 48.60 


2.25 
13.11 
9.90 
0.13 
9.96 
10.62 
2.20 
0.34 
0.20 
0.04 
0.043 
98.87 


2.57 

12.89 

10.98 

0.14 

9.73 

10.69 

2.20 

0.37 

0.23 

0.04 

0.032 

98.47 


BKniOHeHHH 


49.74 

2.25 
12.72 
11.20 
0.16 
9.84 
10.42 
2.32 
0.34 
0.18 
0.05 
0.029 

99.25 



7.51 

73.7 

0.89 

0.26 

10.04 

0.67 

10.50 

28.24 

1.22 

4.19 

21.14 

303 

5.93 

148 

3.97 

1.90 

14202 

6.63 

1.03 

5.79 

1.03 

26.80 

2.70 

0.27 

2.01 

0.27 


7.06 

75.7 

1.06 

0.28 

10.62 

0.79 

11.36 

29.27 

1.46 

4.40 

21.72 

309 

6.44 

160 

4.22 

2.03 

13724 

6.88 

1.00 

5.93 

l.ll 

26.23 

2.54 

0.39 

2.01 

0.26 


6.87 
67.8 
0.91 
0.27 
9.15 
0.62 
9.81 
24.73 
1.37 
3.83 
19.35 
287 
5.30 
138 
3.65 
1.77 
13508 
6.1 I 
0.91 

5.47 
0.98 

25.47 
2.48 
0.34 
1.96 
0.27 


8.12 

81.0 

1.02 

0.31 

11.40 
0.81 

11.53 
29.92 

1.54 

4.53 
22.10 
329 
6.04 
166 

4.40 
2.00 
16659 
6.73 
1.02 
6.05 
1.10 

27.89 

2.87 

0.34 

2.26 

0.29 


6.59 
68.7 
0.89 
0.26 
8.66 
0.55 
9.23 
24.07 

1.29 

3.58 

17.59 
282 
5.21 
132 
3.69 
1.78 

13326 

5.61 

0.94 

5.81 

1.03 

26.60 
2.86 
0.34 
2.34 
0.26 


50.65 

2.28 

12.80 

9.95 

0.15 

10.05 

10.88 

2.19 

0.33 

0.21 

0.04 

0.039 

99.57 



2.32 

2.26 

2.72 

2.14 : 

0.18 

0.12 

0.25 

0.13 C 

3.8 

3.5 

3.7 

3.0 

4.5 

3.6 

5.3 

3.2 


6.95 

69.1 

0.89 

0.27 

9.31 

0.64 

9.83 

25.91 

1.37 

3.82 

19.27 

292 

5.51 

137 

3.68 

1.93 
14398 

5.93 
0.96 
5.56 
0.98 
25.79 
2.66 
0.31 
2.01 
0.25 


49.73 

2.31 

12.85 

10.83 

0.14 

9.69 

10.57 

2.28 

0.32 

0.22 

0.03 

0.035 

99.01 


5 

5 


4 

14 

.2 

0 


6.65 

72.6 

0.92 

0.25 

8.92 

0.60 

10.09 

26.29 

1.18 

3.89 

19.17 

282 

5.44 

134 

3.55 

1.79 

13649 

6.25 

0.98 

5.46 

1.03 

25.36 

2.50 

0.33 

1.94 

0.28 


52.86 

1.71 
13.46 
8.37 
0.12 
9.50 

9.72 
2.41 
0.63 
0.16 
0.03 
0.003 
98.98 


0.038 
0.168 


1.65 

0.05 

3.9 

7.0 


20.46 
115.4 
1.38 
0.53 
8.20 
0.56 
9.59 
23.42 
3.68 
3.36 
16.37 
258 
4.50 
120 
3.25 
1.53 

10309 

4.80 
0.81 

4.81 
0.84 

22.46 
2.21 
0.30 
1.76 
0.25 


52.95 

1.65 

13.29 

9.40 

0.13 

9.63 

9.76 

2.28 

0.59 

0.15 

0.04 

0.003 

99.86 


0.032 

0.099 


1.60 

0.06 

5.3 

7.7 






Qhhbhh- 

X03HHH 





ho 

80.55 

80.41 

80.23 

77.60 

77.90 

80.32 

78.97 

79.93 

79.63 

SiO> 

39.35 

39.04 

39.54 

38.98 

39.32 

39.18 

39.13 

38.83 

39.29 

Ti0 2 

0.014 

0.013 

0.014 

0.018 

0.013 

0.010 

0.010 

0.011 

0.008 

ALOi 

0.028 

0.032 

0.030 

0.028 

0.025 

0.025 

0.025 

0.023 

0.023 

FeO 

18.38 

18.40 

18.66 

20.89 

20.72 

18.52 

19.77 

18.89 

19.18 

MnO 

0.219 

0.222 

0.223 

0.249 

0.249 

0.222 

0.237 

0.237 

0.240 

MgO 

42.70 

42.37 

42.50 

40.60 

40.98 

42.41 

41.66 

42.20 

42.14 

CaO 

0.296 

0.291 

0.293 

0.304 

0.295 

0.297 

0.290 

0.266 

0.260 

NiO 

0.370 

0.370 

0.387 

0.339 

0.363 

0.365 

0.353 

0.344 

0.342 

Cr 2 0, 

0.039 

0.036 

0.045 

0.034 

0.039 

0.045 

0.040 

0.043 

0.039 

CyMMa 

101.41 

100.78 

101.72 

101.46 

102.02 

101.11 

101.54 

100.85 

101.53 














npHMeHaHne k TaojiHue 2.4. Pa3Mep npoaHa:iH3HpoBaHHbix pacnjiaBHbix bkjhohchhh 40-80 mkm; 
>KHpiibiMH jiHHHHMH pasaeaenbi rpynnbi 3JieMeHTOB, onpeaeaennbie pa3HbiMH MdoaaMH 
MHKpOaHaJlH3a (CBepxy BHH3): oGbIHHblH peHTreHOBCKHH MHKpOaHaJIH3, BbICOKOTOHH bIH 
peHTreHOBCKHH MHKpoaHaJlH3, BTOpHHHO-HOHHaM MaCC-CneKTpOMCTpiIM, MaCC-CneKTpOMeTpHH c 
HHJiyKTHBHO CBM3aHHOH naa3M0H C Jia3epHbIM npOOOOTGopOM. 

yc/ioeua Kpucma/i/iu3au,uu u cocmoe pacn/iaeoe 

CocTaBbi 37 3aKajieHHbix pacnjiaBHbix bkjhohchhh h coaepacamHX hx ojihbhhob H3 o6pa3uoB 
ryAHHXHHCKOH CBHTbi npeacTaBaeiibi b Taoa. 2.5. IIocKoabKv TeMnepaiypbi 3aKanKH (1250°C) 
BKjnoMCHHH b BepTHKaribHOH 3aKanoMHofl nenn b o 6 ihcm cjiynae hc cooTBeTCTBOBajiH TeMnepaType 
3axBara, cocraBbi BKJHOHeHHH aonoaHHTeabHO nepecHHTbiBajincb ao paBHOBecHM c ojihbhhom- 
xo3hhhom. /I, Jim pacneTa paBHOBecHM ojihbhh— pacnjiaB Hcno.ib30BajiH Moaeab (Ford et al., 1983). 
CoziepwaHHM FeO bo bkjiiohchhmx oonapyacHBaioT 3naHHMyio jimiemiyio KoppenauHio c 
>Kejie3HCT0CTbK3 BMemaiomero ojiHBHHa (FeOpacna = 0.53FeOol - 0.9, R = 0.7), hto 
CBHjieTejibCTByer o norepe >Kejie3a H3 bkjhohchhm 3a cneT aH(|)(|)y3HOHnoro nepepacnpeaeaenHM 
Fe-Mg Mencay BKJHoneHHeM h ojihbhhom-xo 3 »hhom b npouecce oxaawaeiiHM (Sobolev, 
Danyushevsky, 1994). 3tot 3<|)(|)ckt mohcho cKo.wiiencHpoBarb. ncno;ib3yM iiianuMyio KoppejiMimio 
Meway co,acp>KaiiHMMH FeO h Si02 (FeOo6m = 30.84 - 0.369SiO2. R=0.7) aaM riopoa 
ryAMHXHHCKOH CBHTbi, coaepwamux, noaoono pacnaaBaM, 7-15 Mac. % MgO (CiEOROC 
http://georoc.mpch-mainz.gwdg.de/georoc/). OmomeuHe Fe 2 7Fe' b pacmiaBe onpeaeaMaocb no 
cocraBy xpoMHCTbix iniiHHCJieH h Moaean pacnpeaeacHHM Fe 2 /Fe' Mexcay niiiHHCJibio h 
pacnaaBOM (Maurel. Maurel, 1982). Or cocraBa 3aKaaemibix bkjhohchhh CKoppeKTHpOBaHHbie 
3HaneHHM oTannaioTCM HC3HaHHTcabHo. raaBiibiM o6pa30M no coaep>KaHHMM Mg h Fc. Fcm hc 
Menee b Ta6a. 2.5 iipeacraBaeHbi nonpaBOHHbie K03(|)(|)HHHeHrbi aaM KoppcxinpoBKH coacpwaHHH 
npHMCCHbIX OaCMCHTOB BO BKaiOMCHHMX, HCCOBMCCTHMbIX C OaHBHHOM-X03MHHOM (Kcor). 3tOT 

ko3([)(|)hi meiiT 6 bui paccHHran aa m Kawaoro bkjhohchhm kzk OTHomeHHe coaepwaunn AI 2 O 3 b 
HJM epennoM h HcnpaBaeimoM cocraBax BKaioneiiHH. JXn m noayHeiniM cKoppeKTHpoBaimoro 
3HaneHHM coaepacaHHH hccobmccthm bix 3jicmchtob b 3axBaneHHbix pacnaaBax caeayer 3HaneHHM b 
T a 6 a. 2.4 yMHoxcHTb 11 a Kcor H3 Taoa. 2.5. B aajibHenmeM Mbi 6 yaeM oGcywaarb roabKo 
CKoppeKTHpoBamibie cocraBbi. Coaep/Kanne Ni b pacnaaBax paccHHTbiBaaocb 11 a ochobc cocraBa 
oaHBHHa-xo3MHHa h Moaean paBHOBecHM oaHBHH-pacnaaB (Beattie, 1993). 

TeMnepaTypbi paBHOBecHM 3axBaneHHbix pacnaaBOB c oaHBHHOM-xo3MHHOM HaxoaMTCM b 
HHTepBaae 1 170-1250°C (Taoa. 4.5) h 6jih3Kh k mnepBajiy TeMneparyp roMorenH3auHH 



TaojiHua 2.5. PaccHHTaHHbie cocTaBbi 3axBaneHHbix paciuiaBOB b ojiHBHuax H3 fihkphtob 


ryZlHHXHHCKOH CBHTbl 


KoMnoHeHT 

CY50-3 

CY50-5 

CY50-6 

CY50-7 

CY50-8 

CY50-9 

CY50-10 

Si0 2 

50.33 

50.10 

50.02 

49.72 

50.19 

50.14 

50.43 

Ti0 2 

2.27 

2.12 

2.12 

2.58 

2.18 

2.18 

2.33 

ai 2 o, 

12.88 

12.76 

12.37 

12.60 

12.67 

12.76 

12.85 

Fe 2 Oj 

0.52 

0.53 

0.53 

0.53 

0.53 

0.53 

0.52 

FeO 

11.79 

11.88 

11.90 

12.01 

11.85 

11.86 

11.76 

MnO 

0.12 

0.11 

0.11 

0.12 

0.11 

0.11 

0.12 

MgO 

8.23 

8.64 

9.15 

8.40 

8.52 

8.66 

7.86 

CaO 

10.77 

10.76 

10.77 

10.95 

10.93 

10.66 

11.03 

Na 2 0 

2.31 

2.34 

2.11 

2.22 

2.21 

2.30 

2.33 

k 2 o 

0.37 

0.38 

0.47 

0.43 

0.43 

0.37 

0.35 

P 2 O 5 

0.21 

0.18 

0.22 

0.25 

0.18 

0.20 

0.21 

Cr 2 Oj 

0.18 

0.18 

0.21 

0.17 

0.18 

0.20 

0.18 

NiO 

0.028 

0.031 

0.033 

0.028 

0.030 

0.031 

0.027 

7d c,°C 

1208 

1220 

1231 

1212 

1215 


1197 

Fo 

79.62 

80.4 

81.24 

79.82 

80.15 

80.43 

78.86 

N iOo, 

0.360 

0.386 

0.385 

0.357 

0.374 


0.359 

^cor 

0.990 

0.956 

0.945 

0.979 

0.963 

0.957 

1.011 

Scor 

0.042 

0.036 

0.058 

0.058 

0.036 

0.049 

0.025 

c 1 

v ~ 'cor 

0.041 

0.097 

0.193 

0.055 

0.116 

0.071 




KoMNOlieHT 

cy 50-11 

CY50-12 

CY50-13 

CY50- 

201 

CY50- 

202 

CY50- 

203 

CY50-204 

Si0 2 

49.92 

49.80 

50.52 

50.36 

50.26 

49.46 

50.32 

TiOi 

2.23 

2.25 

2.32 

2.38 

2.42 

2.31 

2.29 

ai 2 o 3 

12.52 

12.70 

13.09 

13.15 

13.09 

12.70 

12.78 

Fe 2 Oi 

0.53 

0.53 

0.52 

0.52 

0.53 

0.54 

0.52 

FeO 

11.93 

11.99 

11.73 

11.75 

11.83 

12.11 

11.79 

MnO 

0.11 

0.11 

0.13 

0.13 

0.13 

0.10 

0.13 

MgO 

9.00 

8.72 

7.45 

7.11 

7.41 

9.25 

8.35 

CaO 

10.83 

10.92 

10.90 

11.59 

11.43 

10.64 

10.73 

Na 2 0 

2.20 

2.23 

2.49 

2.26 

2.16 

2.15 

2.28 

k 2 o 

0.38 

0.37 

0.50 

0.35 

0.35 

0.36 

0.37 

P 2 O 5 

0.19 

0.20 

0.21 

0.20 

0.22 

0.22 

0.22 

C r 2 0, 

0.14 

0.15 

0.13 

0.19 

0.16 

0.15 

0.18 

NiO 

0.033 

0.031 

0.025 

0.023 

0.024 

0.034 

0.029 

T a cX 

1228 

1221 

1189 

1172 

1181 

1234 

1211 

Fo 

81.01 

80.45 

78.06 

77.07 

77.66 

81.25 

79.85 

NiO ol 

0.389 

0.381 

0.361 

0.340 

0.345 

0.384 

0.366 

^cor 

■m 

0.957 

1.011 

■EH 

■eh 

0.953 

0.996 

Scor 


0.035 

0.055 



0.055 

0.052 

Cl c0 r 

1SB 

0.053 


0.036 

H 

0.063 

0.046 



















ripo^oji>KeHHe 1 TaojiHiibi 2.5 


I<OMnOHCHT 

CY 50-205 

CY50-206 

Cy50-207 

cy50-208 

4270-1 

4270-2 

4270-3 

Si0 2 

50.45 

50.15 

50.48 

49.82 

50.07 

50.03 

49.29 

Ti0 2 

2.36 

2.36 

2.20 

2.23 

2.32 

2.25 

2.69 

ai 2 o 3 

12.95 

12.77 

12.96 

12.73 

12.82 

13.08 

13.48 

Fe 2 0 3 

0.52 

0.53 

0.52 

0.53 

0.53 

0.53 

0.54 

FeO 

11.75 

11.86 

11.75 

11.98 

11.88 

11.91 

12.16 

MnO 

0.13 

0.13 

0.13 

0.12 

0.13 

0.13 

0.14 

MgO 

7.66 

8.08 

8.07 

8.82 

8.72 

8.62 

7.46 

CaO 

11.30 

11.25 

10.66 

10.80 

10.54 

10.60 

11.18 

Na 2 0 

2.09 

2.07 

2.45 

2.19 

2.17 

2.20 

2.30 

K 2 0 

0.36 

0.36 

0.35 

0.32 

0.36 

0.34 

0.39 

P 2 O 5 

0.20 

0.23 

0.19 

0.21 

0.24 

0.20 

0.24 

Cr 2 0 3 

0.21 

0.19 

0.21 

0.23 

0.20 

0.09 

0.12 

NiO 

0.026 

0.027 

0.027 

0.031 

0.030 

0.031 

0.024 

Tclc,°C 

1187 

1199 

1206 

1222 

1220 

1218 

1185 

Fo 

78.3 

79.14 

79.36 

80.55 

80.41 

80.23 

77.6 

NiOol 

0.354 

0.349 

0.358 

0.370 

0.370 

0.387 

0.339 

Kcor 

WS3M 

0.999 

0.997 

0.964 

0.999 


m 

Scor 

mm 

0.061 

0.036 

0.018 

0.039 


ESI 

Clcor 


0.043 

0.066 

0.042 

0.041 

0.042 


Komhohcht 

4270-4 

4270-5 

4270-6 

XC51-1 

XC51-4 

XC51-5 

XC51-6 

Si0 2 

50.33 

50.26 

50.02 

52.43 

52.57 

52.18 

52.87 

Ti0 2 

2.37 

2.26 

2.37 

1.68 

1.65 

1.72 

1.57 

ai 2 o 3 

13.37 

12.70 

13.16 

13.25 

13.30 

13.11 

13.13 

Fe 2 0 3 

0.52 

0.53 

0.53 

0.49 

0.49 

0.50 

0.48 

FeO 

11.79 

11.83 

11.91 

11.05 

11.01 

11.14 

10.89 

MnO 

0.16 

0.14 

0.14 

0.12 

0.14 

0.12 

0.13 

MgO 

7.43 

8.63 

7.98 

8.06 

7.92 

8.24 

7.83 

CaO 

10.96 

10.79 

10.83 

9.57 

9.77 

9.71 

9.91 

Na 2 0 

2.44 

2.17 

2.34 

2.37 

2.28 

2.31 

2.24 

K 2 0 

0.36 

0.33 

0.33 

0.62 

0.59 

0.60 

0.57 

P 2 O 5 

0.19 

0.21 

0.23 

0.16 

0.15 

0.18 

0.15 

Cr 2 0 3 

0.05 

0.13 

0.15 

0.17 

0.10 

0.18 

0.20 

NiO 

0.026 

0.030 

0.027 

0.026 

0.025 

0.027 

0.025 

Tclc,°C 

1187 

1217 


1213 

1207 

1216 

1203 

Fo 

77.9 


78.97 

79.93 

79.63 

80.17 

79.5 

NiOol 

0.363 




0.342 

0.346 

0.345 

Kcor 

1.051 

0.992 

1.024 

0.984 

1.001 

0.976 

1.002 

Scor 

0.049 

0.036 

0.032 

0.027 

0.040 

0.039 

0.035 

Clcor 

0.030 

0.039 

0.036 

0.003 

0.003 

0.005 

0.003 





















OKOHnaHne raojiHUbi 2.5. 


KoMnoneiiT 

XC51-9 

XC51-11 

XC51-12 

XC51-13 

XC51-14 

XC51-16 

XC51-17 

Si0 2 

52.23 

52.37 

52.85 

51.75 

52.20 

53.34 

53.20 

Ti0 2 

1.65 

1.73 

1.64 

1.45 

1.82 

1.39 

1.64 

ai 2 o 3 

12.81 

12.74 

12.85 

12.95 

13.26 

12.30 

12.72 

Fe 2 0 3 

0.49 

0.49 

0.49 

0.51 

0.50 

0.48 

0.48 

FeO 

11.12 

11.08 

10.91 

11.36 

11.13 

10.73 

10.78 

MnO 

0.12 

0.13 

0.14 

0.13 

0.15 

0.11 

0.14 

MgO 

8.59 

8.27 

8.03 

9.39 

7.29 

9.20 

8.05 

CaO 

9.87 

10.04 

10.09 

8.93 

10.42 

9.34 

9.79 

Na 2 0 

2.22 

2.22 

2.11 

2.69 

2.26 

2.17 

2.22 

K 2 0 

0.55 

0.57 

0.53 

0.52 

0.59 

0.57 

0.56 

P 2 O 5 

0.16 

0.15 

0.16 

0.15 

0.19 

0.14 

0.19 

Cr 2 0 3 

0.17 

0.19 

0.18 

0.15 

0.20 

0.20 

0.21 

NiO 

0.028 

0.027 

0.025 

0.033 

0.022 

0.033 

0.026 

To\ c ,°C 

1223 

1214 

1206 

1253 

1185 

1241 

1209 

Fo 

80.84 

80.26 

79.86 

82.14 

78.01 

82.23 

80.07 

NiOo, 

0.353 

0.355 

0.341 

0.379 

0.322 

0.386 

0.354 

Fcor 

0.967 

0.964 

1.008 

0.943 

1.049 

0.951 

1.017 

Scor 

0.038 

0.032 

0.041 

0.038 

0.032 

0.035 

0.051 

Clcor 

0.002 

0.003 

0.004 

0.002 

0.008 

0.004 

0.003 


ripHMeMaHHe. T C | C ,°C - TeMiieparypa paBHOBecua c ojihbhhom-xo3hhhom; Fo (moji.%) h NiO 

(Mac.%) - COCTaB OJIHBHIia -XO'iHHIia: K cor “ KOppeKTHpOBOMHblH KO'3(|)(|)HUHenr HJ1H 
HCCOBMCCTHMbIX 3J1CMCHTOB (CM. TCKCT); S cor . Cl cor ” CKOppCKTHpOB3HHbIC COAepwaHHH CCpbl H 

xjiopa b pacnaaBC. 


BKjnoMeimH (1 I80-1290°C). JleiyHecTH KHCJiopoaa neoGbinno iih jkh (iia 2.5-3 jior. eamimu>i imhcc 
6y(|>epa Ni-NiO) n oSycnoBJienbi BbicoKon BoccTanoB.ieHnocTbio cocTaBa mnnHejin. 

Moi ioto n h biii pocT coaep>KaHHH CaO h AI 2 O 3 npn yobiBaimn MgO CBnaeTeubCTByer o tom, 
HTO pacnjiaB 3BOJ1K)UHOHHpOBaJI 3a CHCT KpHCTaJUlH3ailHH OJIHBHH3 OC3 COCVmCCTByiOUIHX 
ruiarHOKJia3a h nupoKcena. 3 tot (|)aicr aaeT ocuoBanne paccnuTbiBaTb cocTaB poaonaHajibHoro 
pacnjiaBa nyreM MoaejinpoBaHna oopamoro (jjpaKLuioHnpoBaHHfl ojiHBiina (cm. hh>kc paiaeji 
«CocTaB nepBHHHbix MarM»). CocTaBbi bk-tiohchwh oopa3iioB CY-50 h 4270/13 oGpaiyiOT eaniibin 
TpcHa no bccm 3jieMCHTaM (pnc. 2.16). Ohh 6jih3kh k cocTaBaM 6a3ajibTOBbix ctckoji BVJiKaHa 
Mayna Jloa. TaBancKHe o-Ba. BKjnoHeHna H 3 o 6 pa 3 ua XC-51/130 orjinnaiorai bbicokhm 
coaep>KaHHeM SiC> 2 , K. 2 O h noHH/KennbiMH KomieHTpauHHMH CaO. HO 2 , P 2 O 5 , a TaioKe 










noBbiuieHHbiMH co^epncaHHaMH Rb. Ba. U, Th. La h Pb, T.e. ooorameHbi 3Jie\ieHTaMH, TnnHHHbiMH 
Win KHCJibix nopoa KOHTHHeHTa-ibHOH Kopbi (Rudnick. 2002). Ha 
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Phc. 2.16. ^warpaMMbi cocTaBOB pacruiaBHbix BKJiiOHeHHH b ojiHBnnax m nHKpHTOB 

ry^MHXHHCKOH CBHTbl 

Bee cocTaBbi nepecHHTaiibi jxo paBnoBecna c ojihbhhom-xobhhhom. Tohchhoh jihhhch 
OTMeneHO none cocTaBOB cTeKOJi 6a3a.ibTOB cpenHHHo-oKcaHHnecKHx xpeoTOB no aaHHbiM PetDB 
http://www.petdb.org/petdbWeb/index.jsp; nymmipHon jihhhch - none cocTaBOB CTeKOJi ByjixaHa 
Mayna Jloa, LaBann, no namibiM GEOROC http://georoe.mpch-mainz.gwdg.de/georoe/. 


cnaHnep-nnarpaMMe jiHTO(})HjibHbix ojicmchtob win othx BKjnoneHHH (pnc. 2.17) xopomo bhotm 
xapaicrepHbie 3KcrpeM\Mbi cnetcrpoB KOHTHHeHTanbHOH Kopbi: \iaKCHM\Mbi b cojiepwaHHax Rb, U, 


















Pb h MHHHMyMbi b ko h ueHTpaunnx Ta. Nb, Ti. 3th uaHHbie CBHuereubCTByioT o cymecTBeHHOH 
KOHTaMHHauHH pacnnaBOB. H3 KOTopbix KpHCTajiJiH30BajiHCb ojiHBHHbi oopa3ua XC-51-130, 
KHCJibiM KOHTHiienTajibHbiM \iaTep naj io m, HanpHMep KBapueBbiMH necnaHHKaMH. FIpH3iiaKH 
KOHTaMHHauHH 33MeTHbI H JX.1H HeKOTOpbIX BK-HOHCHHH OOpa3Ua CY-50, B KOTOpbIX yCTaHOBJieHbl 
noBbimeHHbie KOHueHTpaunn K. Cl h B. OuHaKo KOHTaMHHaHT b 3tom cjiynae upyrHM: 
oGoramemibiM cojihmh xnopa h Kajina c iieBbicoKHM couep>KaHHeM KpeMHHH, bo3mo>kho JBaiiopHT. 


Phc. 2.17. CneKTpbi 
pacripeuejienHH 
peUKHX 3Jie\ieHTOB b 
pacnjiaBHbix 

BKJHOHCHHHX B 
OJlHBHIiaX H3 
KOHTaMHHHpOBailHblX 

nHKpHTOB 

rVUMHXHHCKOH CBHTbl 
B CpaBHCHHH C 
KOHTHHCHTaJlbHOH 

Kopon (Rudnick. 

2002); (A) h 
hcko irraM h h h po Ban h bi 
x - c I aBancKHMH 

MaHTHHHbIMH 

paciuiaBaMH (Mauna 
Loa. no (Sobolev et al., 
2005 (B) 

Rb Ba Th U Nb Ta La Ce Pb Pr Nd Sr Sm Zr Hf Eu Ti Gd Tb Dy Ho Y Er Tm Yb Lu 




Rb Ba Th U Nb Ta La Ce Pb Pr Nd Sr Sm Zr Hf Eu Ti Gd Tb Dy Ho Y Er Tm Yb Lu 


CocTaBbi pacruiaBHbix BKjnoMeHHH b ojihbhhc oopa3uoB CY-50 h 4270/13 c couepwaHneM Cl 
< 0.045 Mac.% xapaKTepH3VK)TCfl oneHb \'3khm UHana30HOM KOHueHTpaunn bccx h eco bm ecTH m bix 
OJieMeHTOB, OUHHaKOBbIM U-3H 060 HX o6pa3UOB (pHC. 2.17B). npH3HaKOB KOpOBOH KOHTaMHHauHH 





ne naojiKwieTCfl. Flpn 3 tom cocraB bkjhohchhh oneHb 6 jih30k k cocxaBy cxoaHbix no 
Marne3HajibHOCTH pacnnaBOB ByjiKana Mayna Jloa. Vasaiiu. 

flemy^ue KOMnoHeHmbi e pocnnoeox 

PacnjiaBHbie brjifomchha b ojihbhhc oopa3ua CY-50 h oojibiHHHCTBO bkjhohchhh b ojihbhhc 
o6pa3ua XC-51-130 xapaKTepH3\ K)Tc« aHoxiaibHo hh3koh KOHueHTpanHeH H 2 0 (pnc. 2.18), 
CBHiaHHOH, BeposTiio. c npHriOBepxHOCTHOH .aeraiauneH KpHCTajiJiH3yiomHxcfl \iar\i. CojtepacaHHH 
H 2 0 bo bkjuohchhhx b onHBHHe o6pa3ua 4270/13 HecKOJibKo Bbime (,ao 0.25 \iac.%) h 
conocTaBHMbi c pe3yjibTaTa\iH ouchkh, nojiyneHHOH hcxojw H3 KonueHTpauHH 3JieMeiiTa 
6 jih3koh HecoBMecTHMocTH, a hmchho Ce (Dixon et al., 2002). Cjie,aoBaTCJibHO, hx moxcho 
npHHHTb 3a HCxo/iHbie KoimempanHH He^era3HpoBannbix MarM. 3 tot ypoBenb KonnempanHH 
Taioice conocTaBHM c MHHHMajibHbiMH cojiepxcaHHHMH H 2 0 b deKJiax Mayna Jloa, I aBann. 
KoHuenTpauHH Cl bo bkjhohchhhx b ojihbhhc o6pa3Lia XC-51-130 HCKjnoHHTejibno HH3KH h, rax 
>kc Kax h coaepacaHHfl 1I 2 (). bo3mohcho, CBHjteTCJibCTByioT o npnnoBcpxHOCTHOH ^era3auHH (pnc. 
2.16). /1.JIH BKJHOHCHHH B OJIHBHHC o6pa3Iia CY-50 XapaKTCpCH KpyTOH TpeHJl HaKOlIJlCHHH Cl c 
yBejiHHeiiHeM KOHnenrpanHH K20. Ilpn 3tom coaep'/KaiiHfl Cl .aocrnraioT neoGbinno BbicoKHX 
3naHCHHH. CocTaBbi bkjhohchhh hj oGpaiua 4270/13 no KoimempanHH Cl pacnojiaraiOTca b 
nanane 3Toro TpeH/ta h conocTaBHMbi c MaKCHMajibHbiMH cojxep/KaiiHSMH xjiopa b cTeKJiax Mayna 
Jloa, TaBaHH. XapaKTcpnon oco6cHHOCTbio bccx tnyncHHbix bkjhohchhh hbjuuotch iioBbinieiinbie 
KOHUCHTpaUHH 6opa, MaKCHMaJIbHbie B HUHOOHCe XJlOpHCTbIX BKJIIOHCHHHX B OJIHBHIiaX H3 o6p. 
CY-50. Co/iepwanHH cepbi \iajiw bo bccx H3yHCHHbix bkjhohchhhx. Ohh oojiee hcm b jiBa-rpn pasa 
hh>kc ypoBHH nacbimeHHH 6a3anbroBoro paciuiaBa cyjib(|)H;iHbiM pacruiaBOM (pnc. 2.18). 

KoHucHTpauHH yrjicKHCjioTbi b pacnjiaBax npn hh3khx /taBJicHiiax hc npcjicTa bhtcji b h a juih 
po/ionanajibubix \iar\i H3-3a nponecca paHnen ^era3aiiHH. Ojinaxo co/tepwaHHH C0 2 b 
HejjeraiHpoBaHHOM pacruiaBc MoryT 6biTb oucHCHbi no kohuch rpaunn HCJicTyncro 3Jic\icnTa 

Cocmoe nepeu^Hbix M02M 

I IepBHHHbie pacmiaBbi, c(J)op\iHpoBaBiHHe nopojibi ryjiHHXHHCKOH cBHTbi. MoryT 6biTb 
pCKOHCTpyHpOBailbl HCXOJW H3 COCTaBOB paCHJiaBHblX BKJHOHCHHH C MHHHMajibHbiMH IIpH3HaKaMH 
KOHTaMHIiaUHH KOHTHHCHTaJIbHOH KOpOH. I'aKHC BKJIIOHCHHfl yCTaHOBJIdlbl B OJIHBHHC H3 oSpaiUOB 
CY-50 H 4270/13 H XapaKTCpH3y’K)TCfl CaNlblMH HH3KHMH COJiep>KaHH5IMH Xjiopa H JjpVTHX 
Hanoojiee HecoBMecTHMbix ojicmchtob. H jih othx pacnjiaBOB 6biJi npHMeHeH ajiropHTM oGparaoro 
(|)paKUHOHHpOBaHHH OJIHBHHa £0 paBHOBCCHfl C HaHOOJiee MarHe3HaibHbIM OJ1HBHHOM (Sobolev, 
Danvushevsky, 1994), ycTaHOBJieHHbiM jxj ia nopon ry/in hxhhcko h CBHTbi, - Fos4 (Sobolev et al., 
2007 h aaHHaa pa6oia). BbiHHCJieHHfl npoBojuuiHCb c noMombio nporpaMMbi Petrolog 
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Phc. 2.18. JleTyMHe KOMnoHeHTbi b paciuiaBiibix BK.iioMeimax b ojiHBHHax nHKpHTOB 

ry^MHXHHCKOH CBHTbl 

IIyHKTHpHOH jiHHHew onvieneno none CTeKo;i ByjiKana Mayna Jloa, IaBanm no nannbiM 6a3bi 
cocTaBOB GEOROC http://georoc.mpch-mainz.gvvdg.de/georoc/. tohcmhom jiminen o6o3na i ieno 
none cTeKon cpennnno-oKeannHecKHX oa3anbTOB oe3 npH3»aKOB KonTaMnnaunn MopcKon Bonon 
rio naHHbiM PetDB (http://www.petdb.org/petdbWeb/index.jsp). Ilona ctckoji b KoopnnHaTax K2O- 
B nanecenbi no neonyGnnKOBannbiM nannbiM nccnenoBanna pacnnaBHbix BKjnoMennn b ojinanne 
A.B. CoooneBa. /Ibohhoh nyHKTnpHOH nnHnen noKa3aHa oSnacTb nacbimeHna cepon no nannbiM 
(Mathez, 1976). 








(Danyushevsky, 2001) c Hcnoab30BaHHeM Moaeaen, onncaHHbix Bbiiue b pa3aeae «Ycjiobhh 
KpHCTajunmuHH h cocTaB pacnjiaBOB». KoHneHTpanHa MgO h TeMneparypa paBHOBecHa b 
no;iv'iCHHbix cocTaBax MoryT obirb hha'c. ne\i b peaabHbix nepBHHHbix pacnaaBax, ecjiH b CHCTeMe 
KpncTaaaH30Baaca 6oaee MarHe3HaabHbiH oaHBHH. He ycTaHOBaeHHbiH b H3yneHHbix o6pa3uax, 
HecMOTpa na Goabinyio CTaTHCTHKy onpoGoBaima (6oaee 400 npoaHajiH3HpoBaHHbix 3epen 
oaHBHHa). riocKoabKy aoGaBaeHHe oaHBHHa npimoaHT k 3HaHHTeabHOMy yBeaHHCHHio 
KonueHTpauHH Ni b pacruiaBe, m a kchm aab i 10 aonycraMoe Koan'iecrBo aooaisaeiiiioro oaHBHHa 
aoaacHo 6biTb orpaHHHeHO KOHneHTpanneH Ni b pacnaaBax. paBHOBecHbix c peaKUHOHHbiM 
riHpoKceHHTOM. Tax xax cocTaBbi pacnaaBOB nHpoKceuHTa o6pa3yiOT noae b Koopannarax Ni- 
MgO, nepBHHHbie pacnaaBbi aocHHTbiBaaHCb ao ero hhmchch (gd PM min) h BepxHeft (gd PM max) 
rpanHij. IIoayHeHHbie nepBHHHbie pacnaaBbi npn arMOCcjiepiioM aaBaeiiHH paBiioBeciibi c 
OaHBHHOM F084-87 (cpeaHee F085.5) H no COCTaBy COOTBCTCTByiOT TOaeHTOBbIM nHKpHT3M c 

coaepacaHHeM Si02= 48-49 Mac. % (cpeaHee 48.7) h MgO= 11-14 Mac. % (cpeanee 12.7). 
yc/ioeua 06p030eaHUR nepBLHHblX MOZM 

3naa cocraB nepBHHiibix pacnaaBOB. motkho oueHHTb ycaoBHa hx paBHOBecna (aaBjieHne h 
reMiieparypy) c MaHTHHHbiM hctohhhkom. Oobihho raxon pacwer npoH3BoaHTCH 11 a ocHOBe 
npcanoao>KCHHH 06 oaHBHiicoaep>KameM (ncpHaoTHTOBOM) cocraBe HcroHHHKa (Herzberg, 
O’Hara, 2002). Oaiiaxo cocraBbi BKpanaemiHKOB oaiiBima ryaHHxnncKHX nHKpnTOB 
CBHaCTCabCTByiOT 06 OTCyTCTBHH OaHBHH3 B HX M3HTHHHOM HCTOHHHKe (CM. BbHIIC H Sobolev et 
al., 2007). H acncTBHTeabHO. onpeaeaeHHe aHKBHaycHOH acconHannH oneHeinibix nepBHHHbix 
pacnaaBOB na ocnoBe Moaeaen oanBnu-pacnaaB (Ford et a.l. 1983) h KaHiionnpoKceH-pacnaaB 
(Danyushevsky et al.. 1996) c ncnoabJOBanneM nporpaMMbi Petrolog (Danyushevsky, 2001) 
noi<a3biBaeT, hto npn aaBaeHHax Bbime 1.2-1.8 Fna pacnaaBbi oxaabiBaiorca neaocbimcHHbiMH 
oanBHHOM h aHKBHaycHOH (|>a30H craHOBHTca KaHHonnpoKceH. Ho npHMeHCHHe Moaean 
paBiioBecHH KaHHonnpoKceH-pacnaaB (Danyushevsky et al., 1996). KaanGpoBaiiiion ana iihjkhx 
aaBaeiiHH. npn Bbicoxnx aaBaeHHax rpe 6 yeT cnennaabHOH npoBepKH. koto pan Bbiaimaa 
CHCTeMaTH'iecKoe 3aBbiuieHHe TeMnepaTypbi paBHOBecna no cpaBHeHHio c aaHHbiMH 
3KcriepHMeH ra. BeaHHHHa reMiiepaTypHOH nonpaBKH 3H3 hhmo xoppeanpyer c aaBaeHHeM h motkoi 
obirb aerxo yarena npn KoppexunH P-T napaMeTpoB aHKBHayca nepBHHHbix pacnaaBOB. 
C’KoppeKTHpoBaniibie aaHHbie rioKaibmaioT. hto npH aaBaennax Bbime 3 rna TeMneparypa 
aHKBHaycHoro paBHOBecna oneHeHHbix nepBHHHbix pacnaaBOB c KaHHonnpoKceHOM CTaHOBHTca 
3Ha c iHTeabHO HH>xe «cyxoro» coanayca MaHTHHHoro nepHaoTHTa, ho ocTaerca Bbime «cyxoro» 
cojmayca nnpoKceHHTa. 3 to CBHaeTeabCTByeT o bo3mo>khocth BbinaaBaeHHa nepBHHHbix 
TparmoBbix pacnaaBOB H3 riHpoxceHHTa Ha Goabuinx rayGHHax b ycaoBHax npaxTHHecKoro 



OTcyxcxBHfl naaBaenna «cyxoro» nepnaornxa. Caeayex cnennaabHO oxMexnxb, hxo b peaabHocxn 
HeGojibimie coaeparaHna CO 2 n H 2 O b m3hxhhhom nepnaoxnxe cnocoGnbi BbBBaxb ero HacxnHnoe 
njiaBJieHne hh3khx cxeneHen npn noHnaceHHbix xeMnepaxypax h BbicoKnx aaBaennax. B 
pe3yjibxaxe oxo ro npouecca oGpasyioxca meaoHHbie, neaocbimenHbie Si02, o6orameHHbie 
HecoBMecxHMbiMH 3jieMeHxa\iH pacn.iaBbi xnna MefiMeHHXOB hjih uieaonHbix h cy6meaoHHbix 
riHKpHxoB (CoGoaeB h ap., 1991; PaGnuKOB, 2003). IloaxoMy HeyanBnxeabno npHcyxcxBHe xaxnx 
paciuiaBOB b npeaeaax npoBHHUHn. OaHaKo o6x.eM MarMaxH3Ma axoro xnna cymecxBeHHO 
orpaHHHeH, ocoGenno b npeaeaax HopHJibCKoro paiiona. 

no onemce A.B. CoooaeBa (CoGoaeB h ap., 2009|) no cpaBHeHHio c xeiunepaxypon 
KOHBeKxnpyioineH Bepxnen MaHxnn (ao 1350°C no Wliite. McKenzie, 1995; Herzberg, O'Hara, 
2002) ycxaHOBaeHHbie \taiMbi neperpexbi Ha 150-230°C. C'orjiacHO oxowy aBxopy, 3x0 hbjihcxoi 
npaMbiM /roKasaiejibciBOM iijiiomoboxo nponcxoacaenna Cn6npcKOH BMn n coBnaaaex c 
BbiBOjjaMH paaa npeabiaymnx paGox (CoGoaeB h ap.. 1991;Wooden et al.. 1993; Lightfoot et al., 
1993; Ph6hhkob, 2003). no aaHHbiM Hacxoamen paGoxbi, MaHxnnHaa cxpya, o6pa30BaBuiaa 
CnGnpctcyio xpannoByio ripoBnunnio. nvieaa noxeHnnaabHyio xemnepaxypy okojio 1500-1570oC, 
Koxopaa Gbiaa oaniKa k xeMnepaxype FaBancKon mbhxh niton cxpyn - 1500-1600°C (Sobolev et 
al., 2005). ^onojiHHxejibHbiM iiexaBncnMbiM CBnaexeabcxBOM ynacTna Maurnniion cxpyn (naioMa) 
b oGpaxoBaunn cnGnpcKnx xpannoB aBaacxca cocxaB HeKOHxaMHHnpoBaHHbix ryanHXHHCKnx 
pacnaaBOB. Ho cbohm xapaKxcpncxnKaM. n b xom nncne no oxHoiuennaM ntoxonoB l43 Nd/ IJ4 Nd n 
x7 Sr/ Xf ’Sr, ohm raioKC Ganoxn k pacnaaBaM TaBancKOH KaaccnwecKon MaHxnnHon cxpyn (Wooden 
et al., 1993). 

2.2.2. XaKan‘umcK(iH 11 mymioHCKaH ceunihi 

Ecan nopo/ibi nepBoro oxana Mar.\iaxn3Ma oxnexanBo paoaeaaioxca Ha cBnxbi no cocxaBy, xo 
no;to6noe ,xejienne ByaKaHnxoB Bxoporo oxana nepe.xKO Bbixbmaex xarpyanenna H3-3a 6an30cxn 
nexpoxHMHHecKnx n xeKcxypno-cxpyicrypHbix oco6enHOcxen aaB n oxcyxcxBna cpean nnx 
Haaeacnbix MapKnpyiomnx l opnxonxoB. B nanGoabmen cxeneiin 3x0 xacaerca xpex «xpaii3nrnbix» 
cbhx - xaKaHnaHCKon, xyKaoHCKoit, n HaaeacanHCKon, aaa Koxopbix xnnnHHbi 6a3aabXbi c 
xoaenxoBon crpyicrypon, Hepa3JiHMHMbie MaKpocKonnwecKH n pacnoaai aioutneca apyr 11 aa 
apyroM b pa3pe3e. /JnarHocxHKa nx B03MoacHa xoabKO Ha ocHOBaHnn conocxaBaemta cnei<xpoB 
paciipe.xeaeiiHH b nopoaax peaxnx 3ae\ieHxoB. noxopbie nxieiox cyuiecxBenHbie oxanana b pa3Hbix 
CBHxax. TaK, HaaeacanHCKne xoaenxoBbie 6a3ajibXbi xapaKxepnoyiorca bbicokhmh 
KOHueHXpaunaMH KpynHonoHHbix anxo(J)nabHbix aaeMeHxoB. oGaaaaiox noBbimeHHbiM 
oxnomenneM (La/Sm)n > 3, b xo Bpexia Kan xyKjioncKnx ByaKannxbi orannaioxca hh 3 KHm 



(La/Sm)n OTHomeHHeM (< 1.5). B cocraBe xaicaHHaHCKOH CBHTbi. npe^craBjieHHOH b ochobhom 
TV(|)aMH, T'dKTKQ OTMCHeHbl pejKHe FipOCJIOH TO.TeHTOBbIX 6a3a.1bTOB. HO HHTJie lie npHBO,HHTCfl HX 
reoxHMHHecKaM xapamepHCTHKa. E/nmcTBemibiH anaiH3 TycjioB npearraBJieH b paGoie 
(Fedorenko et aL 1996). 



Phc. 2.19. lIojumeiiHC b pa3pe3e (ckb. OM-6) TOJieHTOBbix 6a3ajibTOB pa3Hbix cbht ((|)oto 
Kepua) - xaKanMaHCKOH. tvkjiohckoh h h a, r ie>K;iH hc koh h cneKTpbi pacnpe;iejienHa b hhx pe/iKHx 

3JieMe»TOB 

YMHTblBaa Ba>KHOC 3Ha i ieHHC 3THX 00pa30BaHHH. MbI HCC-ie,ZlOBaJlH CTpOCHHe 8 pa3pe30B 
cpeaiien nacTH Ty(j)o-jiaBOBOH tojiliih b pa3iibix nacTax paiiona (KpHBOJiym<aa h jx p., 2004, 2005): 
b ceBepHOM nepnKjiHHajibHOM 3aMbiKaHHH XaHTancKo-PbioHHHCKoro Bajia (ceBepHbiH 6eper 03. 
Jlaivia, HH>Kiiee TeneiiHe p. MnKnamTia), b ceBepo-3ana^HOH Hacra XapaejiaxcKOH Myjibflbi, b 
CCBepHOH MaCTH IIopH.lbCKOH Myjlb^bl. B 3ana^HOH M3CTH TyHryCCKOH CHHCK;iH3bI (03. rjiy6oKOC). 
B pe3yjibTaie Obi.io ycTaHOB.ieno. hto oTMenaBLUHeca npejibiayiiiHMH nccjie.aoBaTejiaMH npocjioH 
TOJieHTOBbix 6a3aJIbTOB B COCTaBC XaKaHHaHCKOH CBHTbi. paCIIpOCTpaHCHbl TOJIbKO B UeHTpaJlbHOH 
nacTH HopHiibCKoro panona. ocooeimo oiih THnHHHbi ana reppHropHH XanraHCKo-PbioiiHiicKoro 
Bajia. CocTaB hx pe3KO OTjmnaeTca ot cocTaBa nepejiyiomHxca c hhmh b pa3pe3e tvxJjob: no 
coaepaamnaM maBiibix, a ocooeimo pe;iKHx oneMenTOB. 6a3ajibTbi aGcomoTiio HAeiiTHHiibi 
nopo,aaM TyKJiOHCKOH CBHTbi. b to Bp oa Kax TV(J)bi h Ty(j)(J)HTbi aHaiorHHHbi nopojiaM 


Iia/IOK/IHHCKOH CBHTbi. 


3to no;io>KeHne Morn GbiTb npoaeMOHCTpHpoBaHO Ha nprouepe oaHoro H3 pa3pe30B, 
iieTajibHO H3yHeHHOM na ceBepHOM 6epery 03 . JlaMa. B aaHHOM cjiynae Bbiuie nHKpHTOBbix 
6a3anbTOB ryawHXHHCKOH cbhtm. oxapaKTepH30BaiiHbix b paooTe (CoGojicb h ap., 2009|), 
ycTanoBJieHO nepeaoBaHHe Ty({)OB h tv(|)(|)htob c TOJieHTOBbiMH 6a3anbTaMH (pnc. 2.20), KOTopbie b 
noaeBbix ycjiOBHHx npeanoaoacHTeabHo Gmjih OTHeceHbi k xaxaHHaHCKOH cbhtc. OaHaKO hx 
nerajibnoe HccjieaoBaime noKa3aao, hto 6a3anbTbi h Ty(J)bi oG.iaaaior npHHUHnnajibno pa3iibiMH 
reoxHMHHecKHMH ocoGchhocthmh. 3to HanGoaee othctjihbo bh;iho no BapHaiowiM (La/Sm)n 
oTHouieiiHH, KOTopoe cymecTBeHno pa3JiHHaercK aaa nopoa HaaeacaHHCKOH h ryioioHCKOH cbht: b 
ncpBOM cjiynae oho aocTHraeT 3.4. b to Bpe.va xax bo btopom hc npcBbimaeT 1.4. CHjibHo 
oGorameHHbie KpyriHOHOHHbiMH JiHTO(J)HJibHbiMH aaeMeHraMH cneicrpbi thhhhhw aaa nopoa 
Ha^e>K,lHHCKOH CBHTbl no CpaBHCHHK) C TyiCJIOHCKHMH 6a3aabTaMH, HTO OTHCTJIHBO BHJJHO Ha pHC. 
2.19. AnajiorHHHbie 3aKOHOMepHOCTH ycTanoBJieiibi h b hmjkhcm tchchhh p. MnKHanraa (b 
aOJlHIie p. IO. HK3H), TOJlbKO 3^ecb HepcaOBaHHe Ty<j)OB npOHCXOaHT C nOHKHaOO(j)HTOBbIMH 
6a3anbTaMH, KOTopbie h MaKpocKonHnecKH Bceraa pacc.MarpHBajiHCb xax npoayicrbi 
KpHCTajIJlH3aHHH TyKJlOHCKOH MaTMbl. 3aKJHOHCHHbIC MOKay HHMH Ty(|)bl paHCC GbMH OTHCCCHbl K 
TyKJIOHCKOH CBHTC. H yCTaHOBJieHHe HX XapaKTepHCTHK, aHajlOl HHHblX IIOpo;iaM HajlOKJlHHCKOH 
CBHTbl, HBHJIOCb HeOKH^ailHOCTblO. 

TaKHM o6pa30M, b xoae KapTHpoBaHHa oTaeabHbix ynacTKOB 1 lopnjibCKoro pafiona h3mh 
Gbuio ycraHOBJieHO. hto b ero 3anannoH nacTH TymiOHCKHe nopoabi Hcne3aioT BooGme, b to 
BpCMH KaK MOlUHOCTb HajlOK/lHHCKHX ByjIK3HHTOB yBCJlHHHBaeTCfl K XaTaHrCKO-llflCHHCKOMy 
npornGy. OGpaTiioe coOTHomeHHe thiihhho aJia boctohiioh nacTH TeppHTopHH, rae cymecTBeHHO 

B03paCTaeT KOJIHHeCTBO nOTOKOB H MOLUHOCTb TyKJIOHCKOH CBHTbl. a pa3pe3 HaaOKJIHHCKOH CBHTbl 

pe3KO coKpamaeTca (pnc. 2.21). H3 cocraBJiCHHOH iiaMH cxeMbi H3onaxHT (pnc. 2.22) othctjihbo 
bhjiho, hto ueHTpbi H3Bep>KeHHH yKa3aHHbix cbht pacnoaaraaHCb b pa3Hbix HacTax paiiOHa, 
npHHeM opeoji pacnpocrpaHeHHa HH>KHeHaae>KaHHCKHX Byji kshhtob HeMHOro npeBbimaer apeoa 
pa3BHTHfl nopoa ry/iHHXHHCKOH CBHTbl (pnc. 2.14). xoTa hx MopcjjojiorHH npaKTHHecKH coBnaaaeT. 
3ro CBHjjerejibciByeT 06 yuacaeaoBanHOCTH paiBrnna X ara h r a- II a c h h c ko h naueopH(j)TOBOH 
CTpyKTypbi, BbijiejiacMOH Ha ceBepe HopHJibCKoro pafioHa. 

OaKTHHecKH xaKannaHCKafl CBHTa npeacraBJiaeT co6oh hhhchioio nacTb HaaewaHHCKOH 
CBHTbl, C(J)OpMHpOBaHHyiO B 3KCnjI03HBHbIH nepHOa. OaHOBpeMCHHO C HaHOIlOM HajJOKJlHHCKOrO 
oraii a na boctokc TeppHTopHH B03HHK hobmh uenTp MarMaTH3Ma, hctohhhk KOToporo 
cymecTBeHHO oniHHanca ot c <jio p\i h po Ba h ho to b 3to Bpe.Ma Ha 3ariane. rae HanajTocb BiieapcHHC 
TOJieHTOBblX H riOHKHJIOO([)HTOBbIX. H HO 1,33 nHKpHTOBbix 6a3ajIbTOB TyKJIOHCKOH CBHTbl. npoayKTbi 
H3Bep>KeHHH KOTopoH no Bce.M napaMcrpaM onerib G.th skh k ocHOBHOMy TpannoBOMy 3Tany 
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Phc. 2.20. CtpoeHMe pa3pe3a ByjiKaHHnecKHX nopo^ Ha ceBepHOM 6epery 03. JlaMa 
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Phc. 2.21. rco.iorHMCCKaa KapTa ccBcpHOH nacTH pafioHa (cocTaBJieHa T.B. LUjibiHKOBOH h 

H.A.KpHBOJiyuKOM no^aHHbiM (CrpyHHH w £p., 1994)) 












TaojiHua 2.6. CocraB ByjiKauHTOB b ceBepHOM oopry 03 . Jlawa 
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OKOHHaHHe 
Ta6jiHUbi 2.6. 
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npHMenaHHe. CoaepwaHHa okhcjiob h cepbi naHbi b %, sjieMeHTOB - b i7t; n.ri.n. - 
noTepw npH npoKajiHBaHHH; cbhtm: hk-xaKaH i iaHCKas. tk-TyKJiOHCKaa, nd-Ha,ie>K/uiHCKaH. 
(MecTonojio>KeiiHe pa3pe3a CM.pHC. 1.2.) 


MarM3TH3Ma (MopoHroBCKaa - caMoeacKaa cBHTbi). TaKHM o6pa30M, b nocTry/iMHXHHCKoe BpeMs 
CymCCTBOBaJlH O/tHOBpCMCHHO ABa UCHTpa H3Bep5KCHH5l. npoayKTbl KOTOpbIX OaHOBpCMCHHO 
orjiarajiHCb b ueHxpanbHOfi i iacrn paiiona. Hmchho nosTOMy mi>i naojno/taeM Hepe/touaiiHe ry(|)OB 
h Ty(|x|)HTOB xaKaiiMaiicKOH (no cyTH Haae*flHHCKoii) h 6a3ajibTOB TyttnoHCKofi cbht, H3biKH 
KOTopbix aocTHrajiH ueHTpajibHon nacTH panoHa. PaHHHH 3Kcnji03HBHbifi 3Tan cmchhjich 
3(|)(|)y3HBHblM. BO BpC.MH KOTOpOTO H3BCpra.THCb TOJlCHTOBblC 6a3ajlbTbI HajlOKAHHCKOH CBHTbi. a 
H3JlHHHHe TyKJlOHCKHX JiaB HpaKTHHeCKH IipeKpaTHJIOCb. 



Phc. 2.22. CxeMbi H3onaxHT nopOA HanoK/tHHCKOH (cjieBa) h TyioiOHCKOH (cnpaBa) cbht 




























HoCKOJII»Ky X3K3H M3HCK3M CBHT3 dOJIHOCTblO COOXBCXCXBVeX nO CBOHM IIeipO-I'eOXHMH l lecKHM 
xapaKTepHCTHKaM HaaeacanHCKOH cbhtc, aoiHHiiee Gbiao 6bi ee paccMaTpHBaTb b KaaecxBe 
noacBHTbi b cocxaBe Haae'/KaHHCKoii cbhtm. JlaabHefiinaa XBoaiouna Mar m3th3M3 b patione h Ha 
ChGhpckoh naaT(J)opMe b neaoM CB»3aHa c pa3BHTHe.M MarMaxHXMa xymicmcKoro xwna. 

2.2.3. IiadejtcdiiiicKcm ceuma (hu.jh hhh nacnib) 

HajjOKflHHCKaa cBHxa cocxohx hx xojieH roBbix, a<|)HpoBbix h rao\ieponop(|)HpoBbix Gasan i>xob. 
BbiaeaaiomHxca na (fioHe ocxaabHbix ByaxanuxoB CBoew noBbiuienHoii KpeMHeKHcaoxHocxbio (52- 
54 Mac.% Si() 2 ). OaHaKO hemh b Heir ycxaHOBaeHbi nnKpnxbi b cocxaBc MHKaaHraHHCKoro 
paccjioenHio noKpoBa. BbicoKOMarHe3HajibHbie nopoaw npHBaeKaiox oco6oe BHHMaHHe 
HccneaoBaxeaeit, c o;ihoh cxopoHbi. npHMHXHBHocxbio cocxaBOB. noxBoaaiomeH paccMaxpHBaxb hx 
b KanecxBe npoayKxoE poaoiiaaaabiibix MarM ChGhpckoh xpannoBofl (J)opMauHH, a c apyron - 
npeanonaraeMOH ocoGoh poabio b pyaoo6paxoBaiiHH: b aH((xj)epeHHHpoBaHHbix yabxpaGaxax- 
GaxHxoBbix MaccHBax hmchho xxh nopoabi coaepacax 6oraxoe Pt-Cu-Ni opyaeHeHHc. Cpean 
onncaHHbix panee 11 cbhx ByaKaim iob b HopujibCKOM patione riHKpnxbi h imKpoGaxaabXbi paiiee 
GbiaH oGnapyacenbi xoabKO b aByx hx hhx - ryaanxmicKOH h xyKaoiicKoii. B riocaeaHeti oiih 
oGpaxyiox npocaoH b neuxpaabHbix nacxax paccaoeHHoro noxpoBa Ha r. CyHayK, HepeayioiUHeca c 
ri h po i<ceH o(j) h po b bi m h 6axaa bxaM h . 

Caeayex noanepKHyxb, mxo Ha 6oabiuefi aacxH xeppHxopnn I lopnjibCKoro patioHa xynaoHCKHe 
nopoabi npeacxaBaeHbi xoaenxoBbiMH 6a3aabxaMH, oaHBHiioBbie h nnKpnxoBbie paxuoBHanocrn 
pacnpocxpanenbi KpaiiHe orpan hmchho. ohh aoKaaHXOBaHbi xoabKO b bocxomhoh nacxn 
paccMaxpnBaeMOH xeppnxopHH. Ilopoabi xyKaoncKoii cbhtm aexaabiio reoxHMHMecKH HxyaeHbi b 
patioHe 03. TayGoRoro Ha r.CyHayK npeauiecTBeHHHKaMH (Lightfoot et al.. 1994; Fedorenko el al., 
1996) h amopaMH aaHHoti paGoxbi. OaHoti H3 oxaHHHreabHbix nepr aamioro paxpexa h Hjisieicn 
npHcyxcxBHe noKpoBa paccaoeHiibix GaxaabxoB. Koxopbie paccMaxpHBaioxca KaK THnoMopijaibiti 
npHxnaK xyKaoncKHX aaB (pnc. 2.23, 2.24). Cxoanbie oGpaxoBaiina GbiaH oimcaiibi b patione 
npaBoro npHxoxa p. MHKMaHraa no pyabio rinpoKceHHxoBOMy (/loaHH, roayGKOB, 1971), rae 
xaK>Ke ycxanoBaen noKpoB paccaoeHHbiex nopoa, npeaBapnxeabHO oxHeceHHbiti k nd CBHxe, 
nox>i<e oxapaKxepHxoBaHHbiii KaK ryaMHXHHCKHii (PaGoB h ap., 2000), nan no aHaaornn c 
CyHayKCKHM noKpoBOM paccMarpnisaaca KaK xyKaoHCKHii (reoaorHaecKaa Kapxa..., 1994). 

HaMH Gbian H3yaeHbi reoxHMHMecKHe ocoGchhocxh MHKMaHraHHCKoro noKpoBa. IlpH 3 xom 
G biao yaeaeHO ocoGoe BHHMaHHe cxpoeHHio casioro paxpexa xycjjoaaBOBOBOH xojiihh b hhjkhcm 
xenenHH p. MHKHanrabi. a xaKace nexpoaoro-reoxHMHHecKHM ocoGeHHocraM noKpoBa h 
noacXHaaiouiHM h nepeKpbiBaiouiHM ero oGpa30BaHHa.M, Ha ochob3hhh aero caeaaHbi 
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Phc. 2. 23. Ooiuhh bh;i paccjioemibix noKpoBOB 6a3anbTOB 
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CJoiij. II A KpMf«>nyuK.i«, K A. 


Ph. 2.24. Tnnbi paccjioeHHOCTH b CyH^yKCKOM h MmcHaHraHHCKOM noKpoBax 






npHiiuHnnajibiio HOBbie BbiBo^bi o (JjopMauHOHHOH npHnaaenaiocTH nHKpoGaiajibTOB 
MHKHaHrOTHCKOrO nOKpOBa H HX pOJIH B (j)OpMHpOBaHHH HOpHJlbCKHX MeCTOpOHCJieHHH. 

B ocuoBanHH paipe3a no pyn. UnpoKcerinTOBOMy ooHaacaeTCfl MouiHaa (jxo 20m) TOJima 
pa3JiHMHbix no cocTaBy t>'(J)ob: ot ajieBpojniTOBbix .no arjioNieTpaTOBbix, KOTopaa nepcKpbiBaeTca 2 
noTOKaMH noHKHJioo^)HTOBbix GasajibTOB. 3Ta nacTb pa3pe3a OTHeceHa hhmh no reoxHM hhcckhm 
Z ianiibiM k TyKJiOHCKOH CBHTe. Bbime no pa3pe3y 3ajieraioT necKo.ibKO npocnoeB TOJienTOBbix 
6a3ajibroB, na jx KOTOpbiMH npocjie)KHBaeTCfl pacc.ioennnbin noxpoB BbicoKOMarneinaibiibix nopo jx 

(pnc.2.25). 

MomHOCTb noKpoBa cocTaB;iaeT okojio 35 m. B hhtkhch ero nacTH HaojiKViaeroi 
Mnn^ajieKaMennaa 3ona (ao 0,5 m), b kotopoh cpe/w MaccwBnbix oai&ibTOB npncyTCTByeT 
Gojibinoe kojihhcctbo iiojibix moBbix KaHajiOB (jxo 20 % ot o6i>e\ia nopoflbi). 3 to no/TiBep>K;iaer 
3(l)(j)V3HBMyio npnpo^y paccMaTpHBaeMbix nopo^. Bbime no pa3pe3y pacnojiaraioTca MaccHBHbie 
OJIHBHHOBblC 6a3aj3bTbI (CO/iep>KaHHe Mg()=12 Mac.%), B KOTOpbIX BblACJiaKTrCH OTACnbHbIC 
ripocjiOH (;io 5 m MomnocTbio), c;io>Kennbie ;ihGo c(|)epojiHTOBbiMH Bbi;Tejienn«MH 
KJiHnonnpoKceHa b pa3HOM KOJinnecTBe (or eflHHHHHbix oGpasoBaHHH BruiOTb jxo 80-90% oGbeMa 
nopo^bi n Aocruraioninx 3-5 cm b /inaMerpe), jihGo MaccHBHbiMH pasnocimiH c .aeiiiipHroBbiMH 
BbmejieHHHMH unpoKccna cpe^n n^arnoKjia3a., na3BaHHbie « mhK i ia h r.an tbmh». CaMbiH MOiuribw 
npocjiofi MHKHain /imoB - 50 cm (pnc.2.24) noflcranaeTCfl n nepeKpbiBaeTCfl nnKpo6a3ajibTaMH (0,3 

H 1,5 M COOTBCTCTBCHHO). 

I InKpoGajajibibi (o6p. 530/12 - Ta6;i.2.7) oGjia/iaior M3CChbhoh reKcrypoH n nop^npoBon 
CTpyKTypoH, o6pa30Bannon KpymibiMH BbmejieiniHMH ojiHBnna ( jxo 50 o6.%) na (|)one Gonee 
MCJlKOKpHCTaJIJlMMCCKOH OCHOBHOH MaCCbl. OjlHBHH 06pa3yCT H,THOMOp(|)HblC KpHCTaJIJIbl, MaCTO 
nccB^orcKcaronajibnoro oo-iHKa. Pa3Mcp ero 3epen b cpe/iHCM cocTaBiiaeT 3-4 mm, ^ocinraa b 
e;iHHHMHbix cjiynanx 5-6 mm., b to BpeMH KaK pa3Mep MHHepanoB b ochobhoh Macce KOJieGjieTca ot 
0.8 jxo 1.5 cm (pnc.2.26). B onnBune BcrpenaiorcH bpoctkh xpoMinrinnejiniiOB. oGbihho on paiGnr 
ccpncn mcjikhx Tpcmnn. no KOTopbiM pa3BHBaeTca ccpneHTHH. GoyjiHHrnT; hc 33Tpo h yTbi mh 
BTopnHiibiMH H3MenenHHMH ocTaioTca 20-30 % ooteMa 3epen. CocTaB ojiHBHHa BapbnpyeT or Fo 
71.82 ilO Fo 77.9 , npHHeM JU Ifl Hero THHHHHbl pfl,10Bbie COZiep>KaHHfl HHKeJIB - 0.1 Mac.% H 
Hocthtohiio BbicoKne - Kajibiina - 0.25-0.27 Mac.%. CrpyKTypa ochobhoh Maccbi, cjio>Kennon 
nnpoKCCH-njiarHOKJia30BbiM arpcraTOM c Ghothtom h nnbMCHHTOM. - MHKpoziojiepnTOBaa. HHoma 
noHKHjioo(j)HTOBa5i. CiieayeT oTMeTHTb nojiHoe otcvtctbhc cynb(j)H.ziHbix Bbi.aejieHHH b 3epnax 
OJIHBHHa, H B OCHOBHOH MaCCe. 

npeACTaBH re.nbHbie anaiH3bi nopo^ MhK naHran hcko ro noKpoBa painon Marne3HajibnocTH, a 
Taraee nozicTHJiaiomHx h nepeKpbiBaiomHX nonpoB naB npriBejeHbi b TaGjinue 2.7. Xljia cpaBHenna 



nanbi TaiOKe cociaBbi nopo,a HajeacmHCKon cBHTbi no (Wooden et al., 1993), h ojxhu H3 cociaBOB 
nHKpHTOBbIX 6a3aibTOB TVK-IOHCKOH CBHTbi, nOJiyHCHHblX aBTOpaMH B paHOHe 03. rnyOOKOrO. 

nojiyneHHbie .aaHHbie no3BOjnnoT c AOCTaTOHHOH cTeneHbio ^octobcphocth cy^HTb o 
(|)OpMailHOHHOH IIpHHailJIOKHOCTH H3VMeHHbIX 00pa30BaHHH. Bee HCCJie^OBaHHbie nopoAbi xopouio 
conocTaBJiaioTCH. b nepByio onepenb. c HH/Knena^e^iiHHCKHMH JiaBaMH, xapaKTpH3yK>mHMHCfl 
O l ICHb HH3KHMH CO^ep>KaHHHMH UBCTHblX NlCTaJUIOB, OCOOCHHO MC^H. B 3T0M OTHOIIICHHH OHH 
flBJIHIOTCfl CHJIbHO .HeneiieTHpOBaHHblMH 00pa30BaHH5IMH no CpaBHeHHK) C OCTaJIbHbIMH 
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Phc. 2.25. C'Tpoenne MmcHanranncKoro noxpoBa (aBTopbi B.H. MnxanjiOB, H.A.KpHBOJiyuKaa) 
(3ejieHbic c(j)epyjibi n bctohkh b To.ienTOBbix h nnKpnTOBbix (n) 6a3ajibTax - (JjopMbi BbmejieHHfl 

nnpoKceHOB) 







TaojiHua 2.7. npe;iCTaBHTejibHbie cocraBbi nopoji pa3Hbix cbht HopHjibCKoro pafloHa, ojiHBHHa h 


MQ^ejibHoro nHKpooa'ianbTa Haaeac^HHCKOH cbh™ 


N n/n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


530/1 


530/1 

Cr-32 

Nd 

SU- 



MOflenbHbl 


N o6p. 

2 

22 3 

4 

2212.5 

n=11 

33 

22 

228 

M 

OnMBMH 











Fo=75,5 

CBHT3 

nd 

nd 

nd 

nd 

nd 

tk 

nd 

nd 

COCTaB 

8 







43.7 

50.6 




Si0 2 

48.12 

47.62 

53.2 

53.48 

522 

5 

3 

51.2 

48.79 

38.56 

Ti0 2 

0.65 

0.57 

0.93 

0.92 

0.94 

0.70 

0.92 

0.93 

0.64 

0.00 







12.1 

15.2 

14.9 



A| 2 0 3 

9.93 

11.5 

15.23 

15.25 

16.38 

2 

6 

4 

10.59 

0 







11.1 





FeO 

11.55 

9.76 

941 

9.26 

9.23 

2 

9.64 

9.62 

13.27 

22.63 

MnO 

0.18 

0.17 

0.15 

0.16 

0.16 

0.18 

0.16 

0.15 

0.21 

0.33 







15.2 





MgO 

17.28 

12.93 

6.42 

6.82 

6 32 

7 

7.37 

7.05 

16.62 

39.34 

CaO 

7.74 

10.68 

10.18 

9.41 

10.33 

8.51 

8.9 

10.2 

6.61 

0.25 

Na 2 0 

0.33 

1.27 

1.06 

2.75 

2.35 

0.78 

2.42 

2.35 

1.91 

0 

K 2 0 

0.65 

0.53 

1.03 

1.82 

1 

0.23 

1.26 

0.96 

1.26 

0 

p 2 o 5 

0.08 

0.08 

0.13 

0.12 

0.10 

0.06 

0.12 

0.11 

0.08 

0.00 

Cr 2 0 3 

0.18 

0.13 

0.03 



0.09 

0.04 

0.06 


0.04 

PP 

2.98 

3.96 

1.56 


2.76 

6.37 

2.83 

1.7 



NiO 










0.11 

H 2 0 




1.82 







H 2 0,Mo/i 




0.59 







o 

o 

N> 


99.19 


0.22 

101.7 

99.1 

99.5 

99.2 



Sum 

99.66 

2 

99.33 

102 62 

7 

8 

5 

8 


101.26 

Be 

0.67 

0.45 

1.09 



0.24 

0.70 

0.95 



Sc 

29.2 

27.5 

31.6 

32.0 

30.0 

16.9 

27.6 

32.8 

22.2 


Ti 

4049 

2892 

6339 

5516 


3848 

4052 

4930 

3831 


V 

194 

213 

220 


212 

179 

164 

198 



Cr 

967 

1179 

205 

268 

134 

969 

309 

553 



Mn 

1240 

1117 

1086 



1243 

851 

1001 



Co 

87.2 

56.6 

39.6 

41.0 


79.4 

33.5 

39.2 

28.48 


Ni 

349 

102 

33 

76 

23 

429 

44 

40 

310 


Cu 

20.4 

23.9 

27.1 

103.0 

32.0 

79.4 

41.0 

29.2 

71.5 


Zn 

81.8 

51.1 

75.8 

84.0 

84 0 

73.0 

54.5 

63.9 

58.3 


Ga 

11.5 

11.2 

17.0 



11.7 

13.9 

15.9 



Rb 

23.1 

16.4 

34.5 

62.0 

29.0 

4.9 

36.2 

33.9 

43.1 


Sr 

138 

156 

236 

335 

283 

139 

297 

230 

233 


Y 

16.2 

15.0 

24 0 

21.0 

20.7 

12.4 

21.3 

24.8 

14.6 










107. 



Zr 

77.2 

58.5 

124.3 

124.0 

119.0 

39.7 

91.1 

8 

86.1 









5.77 

7.34 



Nb 

5.90 

3.686 

9.71 

7.00 

8.3 

2.03 

6 

7 

4.86 


Mo 

0.72 

1.406 

0.89 



0.56 

0.85 

1.26 



Cs 

3.33 

0.825 

1.14 

0.53 


4 16 

0.61 

1.36 

0.37 


Ba 

174 

152 

288 

376 

460 

85 

349 

285 

261 


La 

10.8 

11.0 

17.5 

16.3 

16.4 

4.5 

17.6 

20.8 

11.3 


Ce 

23.2 

22.4 

37.6 

37.3 

35.4 

9.0 

35.0 

42.3 

25.9 


Pr 

2.79 

2.732 

4.47 


3.97 

1.23 

4.10 

5.03 



Ndl 

11.5 

11.2 

18.1 

18.1 

16.7 

5.6 

16.4 

20.2 

12.6 


Sm 

2.57 

2.423 

3.93 

3.96 

3.75 

1.56 

3.33 

4.16 

2.75 


Eu 

0.70 

0.73 

1.07 

1.07 

1.07 

0.58 

1.08 

1.24 

0.74 


Gd 

2.60 

2.470 

3.79 

3.74 

3.89 

1.93 

3.32 

4.15 

2.60 


Tb 

0.43 

0.399 

0.62 

0.60 

0.62 

0.33 

0.53 

0.67 

0.41 













Dy 

2.61 

2.48 

3.93 


3.85 

2.13 

3.23 

4.07 


Ho 

0.58 

0.52 

0.85 

0.64 

0.82 

0.44 

0.67 

0.84 

0.44 

Er 

1.52 

1.41 

2.27 


2.26 

1.23 

1.84 

2.35 


Tm 

0.22 

0.20 

0.32 

0.34 

0.32 

0.18 

0.27 

0.34 

0.24 

Yb 

1.43 

1.29 

2.08 

2.12 

2.1 

1.16 

1.69 

2.21 

1.47 

Lu 

0.21 

0.19 

0.30 

0.31 

0.31 

0.17 

0.25 

0.32 

0.21 

Hf 

1.93 

1.61 

3.11 

2.97 

3.22 

1.20 

2.33 

3.07 

2.06 

Ta 

0.34 

0.39 

0.56 

0.46 

0.5 

0.16 

0.39 

0.63 

0.32 

W 

0.27 

0.46 

0.33 



0.28 

0.43 

0.66 


Tl 

0.12 

0.08 

0.18 



0.03 

0.19 

0.20 


Pb 

3.41 

2.93 

5.39 

3.83 


3.27 

4.28 

6.83 

2.66 

Bi 

0.01 

0.00 

0.01 



0.01 

0.02 

0.02 


Th 

2.09 

2.28 

3.52 

2.89 

3.04 

0.47 

4.64 

5.94 

2.00 

U 

0.47 

0.37 

0.81 

0.71 

0.81 

0.10 

0.57 

0.86 

0.50 


ripwvteHaHHs: cbhtm - nd - iiaae/KiiHHCKaa h tk -ryooHCKaa: M> b TaoiiHije 1-3 - nopo.ai»i 


MHKMaHraHHCKoro noKpoBa paxHon \iarHe3HajibHOCTH: Nd =11 - cpejiHHH cocTaB HaaeacanHCKon 
cBHTbi no (Wooden et al., 1993); ojihbhh 75.58 - cpe^Hee 3HaneHne H3 H3MepenHHbix 158 3epen b 
riHKpo6a3ajibTax Mm<MaHr;iHHCKoio noxpoBa. 



c) d) 


Phc. 2.26. OoTorpacJ)HH uiJiH(j)OB nopon MnKHaruHHCKoro noxpoBa (hhkojih ch'pemenbi, umpniia 
paMKH 3 mm, 01-ojihbhh. CPx- KJiHHonnpoKceH. MeJixne cBexjibie JieHCTbi-njiarnoKJia3) 






CBHTaMH xy(|)OJiaB HopHjibCKoro panoHa. 3 to KacaercH Aa>Ke BbicoKOMarHe3HajibHbix nopoA 
noKpoBa (Ta6ji.2.7), KOTopbie reneTHHecKH cBraaHbi c ojiHBHHOBbiMH h TOJieHTOBbiMH GasanbTaMH. 
Bee 3th o6pa30BaHHH pe3KO OTHHaioTca ot t>kohckhx 6a3ajibTOB h o6pa30BaiiHH 
Bbiuie3ajieraK)mHX cbht (MOKyjiaeBCKOH h MopoHroBCKon). 

PaccMOTpeHHe cnetcrpoB pacnpe^ejieHna peAKHx 3Jie\ieHTOB b uejiOM (pnc. 2.27) Taioice 
CBHaeTejibCTBver 06 ohcbhahom cxoactbc nopoA kzk caMoro noKpoBa. Tax h BMemaiouinx ero 
o6pa30BanHH: ohh oopa3yioT e;iHnoe no;ie. orpaHHHeHHoe cHH3y h CBepxy cneicrpaMH cocraBOB 
o6pa30BaiiHH. pa3jiH i moH MarHe3HaibHOCTH. Bee paccMaTpHBaeMbie nopoAbi xapaKTepiriyioTca 
BbicoKHMH KOHueHTpauHflMH hccobmccthm bix 3JICMCHTOB. 3a cmct Hero hx cnafiAep-AHarpaMMbi 
HMeior Gojiee KpyTOH naKjioH b jieBofi Haem cneicrpa. Xoih TyKJiOHCKHe o6pa30BaiiHH b uejiOM 
noAo6Hbi oriHcaHHbiM, hx cneicrp AOCTaTOHHO noJiorHH (Ha pnc. 2.24 noKa3aHO pacnpe/iejieHne 
3JieMeHTOB, THnHHHoe jxjih iiHKpHTOBoro 6a3ajibia - 03 . Diy6oKoe, r.CynAyK). 3to oeoGemio 
narjiH^Ho npoHBjieHo b pa3JiHHHflx La/Sm othouichuh. no KOTopoMy othctjihbo o6oco6jihk)TC5i 
nopOAbi HH>KHen nacra hbaok ahhckoh CBHTbi ot ocTajibHbix cbht, b tom HHCJie h TyKjioHCKon. 

rCHCTHMCCKaa OAHOpOAHOCTb paCCMOTpCHHblX H3MH BbICOKO- H HH3KOMarHC3HaJlbHbIX nOpOA 
MonceT Obirb upoBepena nyreM nojiyneHHH nocJieAHHX npocTOH KyMyjiHlinen ojiHBHHa b 
TOJ ienroBbix \iar\iax e rioMombio MaTeMaTHnecKoro MOAejinpoBBaima, Bbinojinemiro mctoaom 
HaHMeHbiiiHX KBa;iparoB. rinKpuroBbie pa3H0CTH MmcnaHrAHHCKoro noxpoBa nojiynaiOTOi 
HpMMbIM AO no A H e H He M 30.5 % OJlHBHHa (Fo 75.58 -CpeAHCC H 3 61 aHaJ!H3a) K HaAC>KAHHCKHM 


TaGjinua 2. 8. FteoTonHbiH eocTaB nopoA MnKnanrAHncKoro. CyHAyKCKoro noKpoBOB h hhkphtob 
ryAMHXHHCKOH CBHTbi 


N 

N sample 

Rb. 

ppm 

Sr, 

ppm 

87 Rb /86 Sr 

87 Sr /86 Sr 

±2D 

(X/ Sr /8(> Si J 25 i 

Ma 

1 

530/11 

8.88 

293.9 

0.0874 

0.708610 

0.000006 

0.708298 

2 

530/13 

10.58 

124.8 

0.2454 

0.709294 

0.000009 

0.708417 

3 

530/12 

22.58 

119.2 

0.5481 

0.710144 

0.000013 

0.708188 

4 

530/5a 

26.29 

244.6 

0.3110 

0.709028 

0.000010 

0.707918 

5 

xc51-130 

4.22 

120.7 

0.1012 

0.706509 

0.000009 

0.706147 

6 

cy-50 

2.97 

151.5 

0.0566 

0.703905 

0.000004 

0.703703 

7 

4283 

4.37 

193.5 

0.0654 

0.705565 

0.000011 

0.705331 

8 

4270/13 

5.78 

229.7 

0.0728 

0.703528 

0.000013 

0.703268 

9 

CY-31 

4.02 

247.7 

0.0470 

0.706020 

0.000008 

0.705852 


CY-36 

3.06 

119.5 

0.0741 

0.705908 

0.000007 

0.705644 



















ripo.'ioji/KeHHe xaGiiHUbi 2 . 8 . 


N 

N sample 

Sm. 

ppm 

Nd, 

ppm 

l47 Sm /,44 Nd 

l43 Nd ,l44 Nd 

±2D 

SNd (1=251 Ma) 

1 

530/11 

1.45 

5.01 

0.1751 

0.512181 

0.000005 

-8.2 

2 

530/13 

1.83 

7.75 

0.1426 

0.512112 

0.000007 

-8.5 

3 

530/12 

2.22 

10.13 

0.1324 

0.512089 

0.000008 

-8.6 

4 

530/5a 

3.06 

13.90 

0.1331 

0.512125 

0.000002 

-8.0 

5 

xc51-130 

1.82 

6.57 

0.1672 

0.512800 

0.000006 

4.1 

6 

cy-50 

3.52 

12.56 

0.1697 

0.512865 

0.000009 

5.3 

7 

4283 

2.80 

10.25 

0.1650 

0.512783 

0.000005 

3.9 

8 

4270/13 

4.53 

16.21 

0.1691 

0.512889 

0.000006 

5.8 

9 

CY-31 

0.79 

2.74 

0.1731 

0.512540 

0.000013 

-1.2 


CY-36 

0.83 

2.77 

0.1803 

0.512540 

0.000009 

-1.4 


I IpHMeHaHHH: aHann3bi BbinojiHenbi b JiaGopaxopHH H30xonnoH reoxHMHH TEOXH PAH, 
anajiHTHK A.A. HjieMOBa. OxHOCHxejibHbie oujhGkh ajih 87 Rb/ 86 Sr H l47 Sm/ l4J Nd oxnouieiiHH 
cocxaBJiflior 1% and 0.1% cooxBercxBeHHO. 

6a3anbxaM (b3SXWm b KanecxBe axajiOHHoro o6p. SG32-2212.5 H3 paGoxbi (Wooden et al.. 1993). 
CocxaB Moaeabiioro pacriJiaBa npnBe^en b xa6ji.2.7 n noKaian na pnc. 2.27. khoxomibin cocxaB 
H3yMCHHbix nopo;i ( 87 Sr/ 86 Sr = 0.7084 eNd = -8.1) xax>Ke no/rrBepHwaex axo 3aKjno i iCHHC (xa6ji.2.8, 
2.9). 

TaKHM o6pa30\i, H3yweHHbie nnKpnxbi MHKMaHrAHHCKoro noxpoBa \ioryx CHnxaxbca BnepBbie 
ycxaHOBJieHHbiMH npoayKxaMH iiaiiGojiee npHMHXHBiibix pacnjiaBOB b ripeaejiax nane>K;imicKOH 
CBHXbi. 3xa Mar\ia cymecxBenno oxjiHHaexcH ox xyioioHCKOH no BceMy cnexxpy 3;ieMeHxoB. OcoGo 
cneayex oxMexwxb, mxo OHa Gbina oGeAHeHa cyAb(j)HAaMH: cnennajibHoe H3yneHHe bkaiomchhh b 
ojiHBHHax He BboiBHJio b hhx cy.TbfjiHAHbiH rjiooyjieH. H03X0M\ npeAcxaBAaexca MajiOBeposxHbiM 
oGcvuieuHe UBexHbiMH Mera.uia\tH 11 aaokahhcko h CBHXbi 3a ewer 4>paKUHOHnpoBaHHsi H3 nee 
cyjib())HflOB, a nonyHeHHbie AaHHbie oo hcxoahoh oGcahchhocxh npHMHXHBHbix MarM UBexHbiMH 
MexajuiaMH cxopee c bHAC xenbcxByiox o nepBHHHOH AermexHpoBaHHoexH cyjib(J)HAaMH. B jho6om 
cjiynae cy;ib(])HAHbiH paciuiaB oxcyxcxBOBai Ha cxa,iHH KpHcxaJiAH3auHH ojihbhh 3, noaxoMy 
BecbMa npo6jieMaxHHHO oGpaaoBaHHe HopHAbCKHX MecxopovKAeiiHH 3a cwex MexajiOB, 
H3BjieneHHbix H3 HaAeAACAHHCKoro pacnnaBa (Naldrett. 1992, 1995). 




















Ta6jiHna 2.9. H30T0riHbiH cocraB ByjiKaH h nee kh x nopcu HopHJibCKoro panona 
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aHanHTHK - 3. OeKHacoBa Ns 2- 3 - MnKMaHnaHHCKHM. 4-6 - CyH/iyKCKHH noicpoBbi 















100 


10 i 


87 Sr/ 86 Sr = 0.7084 £ Nri = -8.1 


IlMKpMTOBbie 
6a3a/ibTbi Tk 


To/ieMTOBbie 
6a3a/ibTbi Ndj 


MoAe/ibHbm 

pacn/iaB 

(TO/iemoBbiM 6a3a/ibT + 
30,5 % o/iMBMHa) 


SG32/2212- Ndi basall 


530/12-pollic basal- 
Mikcha ngdm sk y flow 


530/17- iholertic basall - 
Mikchangdmskyflow 


CY-33-piailic basal -Sunduksky 
How 



modeling moll 


rinKpuTOBbie 6a3a/ibTbi Ndj 


i f 


i i 


Rb Ba Th U Nb Ta La Ce Pr Nd Sm Zr 


i » » » i » » i i i 
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Phc. 2.27. Cneicrpbi pacnpeziejieHHfl pe;uaix 3jie\ien tob b nopo;iax MHK i ianr;imicKoro 


(chiihc jihhhh) h CyHAyKCKoro (leueiiafl jihhhh) h Moaejibnoro pacruiaBa (Kpacnaa jihhhh) 


TaKHM o6pa30M, oGnapyxceiiHc BbicoKOMarHe3HajibHbix nopoa cpc^H otjiohcchhh hh>kmch 
H aCTH HaAOKAHHCKOH CBHTbl HMCCT IipHHUHIlHaJIbHOe 3HaneHHe KaK ;ui« nOHHMaHMfl 
c|)opMHpoBaiiH« Bceii TpannoBOH chctcmm b uejioM, raK h MecTa py/ioo6pa30BaiiHH b npouecce ee 
pa3BHTHfl. 

2.2.4. MoponeoacKdH - coMoedcKan ceunibi 

Flpn H3VMCHHH rCOXHMHMCCKHX OCOOCHHOCTCH 3(j)(|)y3HBOB XapaCJiaXCKOH Myjlb/lbl IIO CKB. 

Cl-32 GbiJiH Bbmenenbi «Tpaii3HTiibie» cepnn (Wooden et al., 1993; Fedorenko et al., 1996), 

BKJIK)MaK)LUHC BCpXHIOK) MaCTb Ha^OKAHHCKOH H HH>KHK)K) HaCTb MOpOHTOBCKOH CepHH, 
xapaKTeptnyiomnecfl npo\ie^<\TOHHbiMH reoxHMHHecKHMH napa\ieTpaMH MOK^y THiiHHHbiMH 
npe^CTaBHTeJiaMH 3THX CBHT (nOBbllUCHHblMH CO^ep/KaHHHMH KpynHOHHHbIX JlHTO(|)HJIbHbIX 
3JieMenroB, H30TonnbiM cocTaBOM iio cpaBiieiiHio c mr 6a3a*ibra\iH). Mbi iiaiiec.iH iia cnan^ep- 
.anarpaMMy .aaHHbie, oTHocamnecfl k TpaH3HTHbiM nopo^avi. H3 TaGjiimbi 1 \Ka 3 aHHOH paGoTbi. K 
co>KajieHHK), He Bee 3JieivieHTbi Gbrnn npoaHajiH3HpoBaHbi b o6pa3uax onopHoro pa3pe3a 3 Thmh 
HCCJ ie,aoBaTeji5iMH, tcm hc \ieHce yKa3aHHaa 3aKOHOMepHOCTb BH;iHa. Xota cepna npe.acTaBJieHHbix 



oopa3uoB o6pa3)"r iiocTaTOMHO HenpepbiBHbiH pan cocraBOB. Ha ocHOBaHHH 3Toro (|)aicra ko 
BTopoK, rjiaBHOH (J)a3e TpannoBoro MarMaTH3Ma OTHecenbi noponbi. nanwnaa c Bepxnen nacTH 
MOponroBCKOH no caMoencKyio CBHTbi. 
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Phc. 2.28. Cneicrpbi pacnpenejieHna pe;uaix 3JieMeirroB b nopo/iax Hane>KnHHCKOH h 

MopoHroBCKOH cbht no (Wooden et al., 1993) 


I loMep o6pa3na cooTBercBryer noxiepy cKBaaauibi h ee niyGnne. b ckoGkbx yxa3ana CBHTa 

h no^CBHTa) 


B HiyMemibix h3mh paipeiax TaK>Ke b penKHX cjiynaax naonionaeTca nonoonaa Kaprana 
(nanpHMep. B I IopHJIbCKOH MyTIb^e, CM. Bbime), O.ZlHaKO B BOCTOHHOH MaCTH TCppHTOpHH OHa 
CyiUCCTBCHHO MCHaeTCa: nopoabl OTMCTJIHBO pa3^CJiaiOTCa Ha KOHKpCTHbIC CBHTbi - MOpOHrOBCKVK) 
h na;ie>K;inncKyio, rpaHHLia MOK/iy KoropbiMH npoBo;iMTca otmctjihbo 6e3 KaKMx-jin6o BapnamoB. 

B KanecTBe onopiioro pa3peia naMH 6biJi Bbiopai papc b npa*OM 6opw p. K). Mioh 
(pa3pe3 2026 na puc. 2.9) , me npencTaBJieH HenpepbiBHbiH pa3pe3 bcch Hane^'nHHCKOH (BOioMaa 
TOJicHTOBbic 6a3aibTbi hidkhch noncBHTbi, nop(|)HpoBbic 6a3a.ibTbi cpeaHCH noncBHTbi h 3 noToxa 
niOMeponop(|)HpoBbix 6a3aiibiOB, omeceHHbix rpanHUHOHHO k BepxHen no/iCBHie) n 200 m 
M oponroBCKOH CBHTbi. TaiOKe obuiH npoanarH3HpoBaHbi 6a3a.ibTbi no pa3pe3aM 126 - 4031, me 
TaK>Kc npHcyTCTByioT r.ioMcponop(j)HpoBbie oa3anbTbi bcpxhch noncBHTbi Hane>mHHCKOH CBHTbi 
(KOTopbie, KCTara, He Bcema ycTaHaBJiHBaioTca cpenn HaaeataHHCKiix ByjiKaHHTOB). 



ttpHMepbi pe^K03Jie\ieHTHbix cocraBOB Haae>K;iHHCKHx nopoii, ee pa3Jin i mbix iio£Cbht, 
npHBezienbi na pnc. 2.29, rue otmct.ihbo bhjho. hto oa3a.ibTbi ee nanoojiee KoiiTpacTHbix fioucbht 
( iiH>KiieH h Bepxnen) miemHHHbi iio cnempaM pacnpe.aejieHH« pe;iKHx 3.ie\ieiiTOB. 
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Phc. 2.29. CneKTpbi pacnpeaeaeHHa peaxnx aaeMeiiTOB b nopoaax Bcpxim h hh>khch 
riOaCBHT HaaC>K^HHCKOH CBHTbl 

ripH conocraBJieHHH aaHHbix. noayneHHbix ana nopoa Haaea<aHHCKOH h mopohpobckoh 
cbht (pHc. 2.30). bh/uio. hto oiih cymecTBemio oTJiHHaioTca apyr or apyra. 6e3 up caBJieiiHa 
«CMeiUaHHbIX» COCTaBOB. 

ripoBeaeHHbie HaMH nccneaoBaHHa paaa onopHbix pa3pe30B pa3Hbix TeKTOHHHecKHx 
CTpyKTyp pafioHa (BoaoronaHCKOH \iyababi, ceBepHoro nepHKaHHaabHoro 3aMbiKaHHa XaHrancKO- 
I’biGnHiicKoro Baaa. 3anaanoH nacTH TyuryccKOH CHHeiuuobi) noKa3aaH. hto b aeHCTBHTeabiiocra 
HaaHHHe nopoa n po mokvto h ho to cocTaBa nopoa mc/K.tv b ya K3H h TaM h h aae>K,TH hcko h h 
mopohpobckoh cBHTa.MH aBnaerca cKopee peaxocTbio. nevi iipaBHJioM. Tanne iiopoabi xapaKiepHbi 
Gojiee ana Tanaanoti Haora TeppHTopHH. Boaee Macro npeacTaBHTenH \Ka 3 aHHbix cbht o6naaaiOT 
CBOHCTBa.MH. THHHHHbiMH ana 3 thx CTparappa({)HHecKHe rioapa3aeneHHH . KpoMe toto, Hiioiaa 
nopoabi c «aHOMaabHbi\iH» cbohctb3mh (ooorameHHbiMH cneKTpaMH) noaBaaioTca h b 
neurpaibubix nacTax apyrnx cbht (HanpHMep, caMoeacKon), KOTopbie hhk3k Henb3a oraecra k 
«T paH3HTHbIM» (pHC.2.30). 





Phc. 2.30. CnafiaeprpaMMbi 6a3aiibTOB BepxHeii nacra HaaeacaHucKofi h w-DKHen nacTH 
MopoiiroBCKOH cbht (K). Mkjh) h 6a3ajibTOB caMoe^CKOH CBHTbi (o6pa r JUbi npenocTaBJieiibi B.A. 
Pa/jbKO). 

TaKHM o6pa30M, BblAejieHHe «TpaH3HTHbIX CBHT», npean0J10>KHTejIbH0 C(J)OpMHpOBaBLUHXC51 B 
«npoMe>KyTOHHbix» ycjiOBHflx MeJicay 6a3ajibTaMH OIB h BuyipHiumrubiMH oopaiOBaiiHHM h 

(Lightfoot et al., 1993; Wooden et al., 1993), npeacTaBiiaeTca HeoGocHOBaHHbiM, K ocHOBHOMy 
TpannoBOMy jrany aoji>KHbi obiTb OTiiecenbi 6a3anbTOHHbi, Hanmiaa c TyKjioncKoii cbhtm. 

2.3.06pa$OBaHne r\(j)o-JiaBOBOH tojiiiiii 

ripn conocTaBJieHHH H3yMeHHbix pa3pe30B - XapaeaaxcKOH. BonoronaHCKOH. HopH.ibCKOH 
Myjibfl, BOCTOHnoro Gopra XanraHCKo-PbiOHHHCKoro Bajia (3anaanaa Maori. TyuryccKon 
cnHeKJiH3bi), HHxmero TeneHna pexn MmcHanraa - mo>kho caenaTb HecxoabKO ochobhwx 









BbiBCwm. Moiuhocth npaKTHnecKH Bcex cbht CHH>KaiOTCH na 20-25% or ueHTpajibHbix nacTen 
Myjiba no nanpaBJieHHio k 3anaanon nacTH XaHTaHCKo-Pbi6HHHCKoro Bajia. OanaKO b boctohhoh 
ero nacTH ohh cnoBa yBeaHHHBaiOTca (ne3naHHTeabH0 aaa hbbkhhckoh h CbiBepMHHCKOH cbhi - 
ot 130 .ao 140 m h cvmecTBeHHo - ana xaKaHHaHCKOH, h. ocoochho, TyioioHCKOH - ot 50 ao 120 
m). CoBepmeHHO HHaa KapTHHa HaGaioaaeTca aaa nopoa ryanHXHHCKOH cbhtli, noBeaeHne 
KOTOpOH pe3KO OTjiHHaeTCfl ot noBeaeiiHa apyrnx cbht: MomnocTb caaraioinnx ee nopoa pe3KO 
CHH>Kaerca or 450 m Ha 3anaae XapaeaaxcKOH Myababi ao 1 5 m b p alone 03. rayGoKoe (r. 
CynayK), npHHeM H3 paipeia noanocTbio BbinaaaioT nopoabi hhhchch noacBHTbi, a H3 8 noTOKOB 
bcpxhch cbhtw ocTaeTca ToabKo oaHH. I la ccBcpHOM Gepery 03. Tay6oKoro nopoaw cBHTbi 
noaHOCTbio bwkjihhh BaiOTca (pa3pe3 «KpacHaa IIIaiiKa», Kill - pnc. 2.11. B nepHKanHaabHOH 
nacTH XaHTancKO-Pbi6HHHCKoro Baaa HaGaioaaeTca TaKaa >Ke KapTHHa - pa3pe3 CBHTbi 
npeaciaBaen aByMa iioroKaMH iihkphtobi>ix 6a3aabTOB (cyMMapiion Momnocibio 25 m). Crpoeiine 
BCpXHHX CBHT MCH&CTC5I HC3Ha i IHTCabHO, TOabKO B BCpXHCH noaCBHTe MOpOHR)BCKOH CBHTbi 
rmpoKaacTHHCCKHe nopoabi cmchhiotch aaBa\in. 

TaKHM o6pa30M. cTpoeunc pa3pe30B ByaKaHoreHHbix nopoa b npeaeaax pa3Hbix 
iuiHKaTHBHbix crpyKryp paiioiia cymecrBemio MeHaeTca: Bapbnpyior KaK moiuhocth OTaeabHbix 
cbht, Tax h cooTiiomeiiHe b hhx aaB h Ty(|)OB. Kaacaaa crpyKrypa xapaKTepH3yexca 
HHaHBHayaabHbiMH, npwcymHMH ToabKo en, ocoGchhocthmh reoaornnecKoro ctpochhh, hto 
cBnaeTeabCTByer 06 oripeaeaemioH chcuh(|)hkc ee (|)opMHpoBaiiH« Ha (|)OHe o6mero pa3BHTHM 
MarMaTH3Ma. B cbctc BbiinecKa3aHHoro, 3aioiK)HeHHe o tom. hto bcc naHKaiHBHbie cipyKTypbi b 
HopnabCKOM panone Gbian c^opMHpoBaHbi nocae H3aHflHHa aaB (Teoaornn h pyaHbie ..., 1994) h 
iic nrpajiH cymecTBciiiioH poan b (|)opMHpoBaiiHH ByaKaHorennoH Toamn. npeacTaBaaioTca He 
coBceM o6ocnoBaHHbiMH. 3naHHTenbHaa pajiuma b CTpoeHHH ianaanoro h boctohhor) Gopra 
XaHTancKo-PbiGnHHCKoro Baaa yKa3biBaeT Ha ero cymecTBOBauHe b KanecTBe aoaro>KHBymeH 
CTpyKTypbi, 3ajio>KennoH erne ao H3aHHHH« nepBbix nopnnn MarMaraHecKHx pacnaaBOB na 
noBepxiiocTb b 3tom panone. Bnoane BepoaTiio. hto h cTanoBaeiiHe HHTpy3HBHbix KOMnaeKcoB b 
pa3Hbix CTpyKTypHbix oaeMeirrax raKace HMeao cbok> crieuH(|)HKy, hto \iorao CKa3aTbca na 
(|)opMHpoBariHH Pt-Cu-Ni opyaeHeHHH. Auasnn 3toto noao/KCHHa TpeGyeT npoBeaenna 
aaabHeHLUHX aeraabiibix nccaeaoBanHH no conocraBaenHio reoaoinnecKoro crpoenna h pa3BHTHa 
pa3aHHHbIX TeKTOHHHeCKHX 3aeMeHTOB paHOHa. 

B ueaoM apeaabi pacnpocrpaiieiiHa h MaKCHMaabiibie mouuiocth OTaeabHbix cbht 
cvuiecTBCHHO pa3aHHaioTca b HopnabCKOM panoHe. Moiuhocth hb3khhckoh h CbiBepMHHCKOH 
cbht aBaaiOTca aocraTOHHO BbiaepacaHHbiMH. riepBaa H3 Ha3BaHHbix cbht h m eeT MeHbiiiHH apeaa 
pacnpocTpanenna h , no aannbiM B.H. MnxanaoBa (MnxanaoB h ap., 2000 (J)), oTCVTCTByeT b 



ueHTpajibHofi wacra BojioroMaHCKOH Myjibflbi - b stom MecTe cymecTBOBano no.THsrrne 
najieojOHCKHx nopoa npn h3jih3hhh hb3khhckhx jiaB. Bbime 6biJin upHBeAeHbi xapibi H3onaxHT 
Win HawSojiee KOHTpacTHO BapbHpyiomHX no moiuhocth cbht - ryaHHXHHCKOH, TyKJiOHMKon n 
Ha/iOKanucKOH. Ha hhx 6bino npoaeMouc rpupoBano pasHonanpaBnenHoe B03pacT3HHe 
moiuhoctgh cooTBeTCTByioiuHX cbht Ha Tanaj h Ha boctok. I Iocjiennee. ho MeHee apKO, 
upoaBJieHO h jv m MopoHroBCKon h MOKyjiaeBCKOH cbht. Bbiiue;ie>KainHe ByjiKaHHTbi, k 
co>KajiCHHK>, coxpaHHjiHCb o i ieHb aoKajibHo - b npejejiax ucHTpajibHon nac™ KyivirHHCKOH 
Myjibflbi, no3TOMy o TaKOHOMepnocrax hx pacnpocTpaHeHHJi b TpHace cyanib rpy/ino. 

XapaKTepH 3 yeMaa h 3 mh TeppHTopna (phc.2.31) xopoiuo H 3 yneHa reo(j)H 3 HHecKHMH 
MeTO/iaMH (/lojirajib, 1998. HeonySjiHKOBaHHbie aaHHbie). npaKTHMecKH jnofibiM H 3 hhx otmctjihbo 
Bbiflcaflcrca I IcpHJibCKO-HrapcKaa naneopH(j)TOBaa CTpyKTypa, ojHaKO nanooncc HarnsmHO sto 
ripoBBjieno ripn paccMOTpeHHH rpaBHMeTpHwecKHx aaHHbix (pnc. 2.32). 
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Phc. 2.31. flojicmeHHe iuioma^H .aeTajibHbix reo(|)H3HHecKHx Hccjie/iOBaHHH Ha ceBepe 

Ch6hpckoh n;iaT(|)opMbi 
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Phc. 2- 28. Kapra n3oaHO\iaji rpaBHTauHOHHoro iiojih b pe/iyKUHH Byre ( p = 2.67 t/cm3) Ha Bbicore 
1.6 KM Jinn H3yHeiIHOH TeppHTopHH (Ronrajib. 2010(J)). 
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Phc. 2.33. Cxewa pacnpocTpaneHHfl ochobhwx cbht By.iKaHHTOB b HopmibCKOM panone h 

npHjicraiomHx k HeMy TeppHTopHax 


(no /laHHbiM aBTOpa, c yneTOM .aaHHbix B.C. CrapocejibiieBa (1989)); CTpejiKaMH uoKa3ano 
HanpaBJieHHe yBejiHHeHHfl moluhoctch ByjiKaHHTOB cooTBeTCTByiomnx cbht) 



Mbi iianecjin apeanbi pacnpocrpaiienHfl OTaejibiibix cbht na rpaBHMexpHHecKyio KapTy 
(pnc.2. 33), Ha KOTopofi OTHeuiHBO bhjiho, hto HHHCHHe CBHTbi (iv. sv, gd h nd) pacnpocTpaHeHbi 
TOJIbKO B npe^ejiax pH(|)TOreiIHOH CTpVKTVpbl H BblKJIHHHBaiOTCfl B HanpaBJICHHH K TyHryCCKOH 
CHHeKJlH3e - THFIHHHOH nJiaT(j)OpMCHHOH OOJiaCTH. HanpOTHB, BepXHHC CBHTbi, TJiaBHblM 
o6pa30M,oxBarbiBaior boctohhvk) nacTb. B npejiejiax EHnceH-XaramcKoro npornoa biiojihc 
jiorHHHo npe^no^o>KHTb cymecTBOBaHHe paminx cbht. KOTopbie H3JiHBajincb hmchho iia 3Tane 
pa3BHTHfl pH(|)ra (TpHaCOBbie ByjIKaHHTbl (|)HKCHpyiOTC5I Tavt pa3JlHHHbIMH reO(|)H3HHeCKH\lH 
MeTO^aMH - CM. pHC. 1.3). HaXOHC^eHHe BepXHHX CBHT BVJIKaHHTOB Ha 3TOH TeppHTOpHH 
bo3mo>kho, ho He BiiojiHe BepOHTHO. noacojibKy hx BHe/ipeHHe npoHcxojiHjio CKopee Bcero c 
BocroKa TeppHTOpHH h motjio lie ^ocTHiaTb EiiHceii-XaTaurcKoro npornoa (tto noKa3aHO na pnc. 
3H3KOM Bonpoca) 

UepHOAHHHOCTb B HCTOpHH pa3BHTHH M3TMaTH3Ma nOAHepKHBaJiaCb BCCMH 

HCCJie^oBaTCJiflMH pernoHa. TaK, M.II. Eo^jicbckhh (1959) Bbmejiaji 4 3Tana. bo Bpewa KOTopbix 

(|)OpMHpOBaJIHCb JIhGo TOJIbKO JiaBbl. JIh6o JiaBbl H HHTpy3HBbi; MaCCHBbl HOpHJIbCKOI O KOMlIJieKCa 
corjiacuo 3toh cxcmc 3aBepmajiH 2-oh 3Tan. P. C. Lightfoot c coaBTopaMH (1993) iiojiarain, hto 
(|)opMHpoBaime 6a3ajibTOB I lopnjibCKoro panona uponcxo/iHJio b jiBa rjiaBHbix orana, bo BpeMfl 
KOTOpbIX H3JIHBcUIHCb 6a3aJIbTbI. COOTBCTCTByiOlUHC TBKOBblM OKCailHMCCKHX OCTpOBOB, a 3aTCM - 
BHyTpHIlJIHTHbie, MOK/iy KOTOpbIMH (|)Op\1HpOBaJIHCb CymeCTBCHHO OTJIHMaiOIMHeCfl OT HHX 
ByjiKaiiHTbi b npoMe>KyTOMiiyio CTajuno. A.H AjibMyxaMejiOB h jxp. (1999) BbijxejiHJiH o6pa30BaiiH« 
pH(|)Toreiiiioro h njiaT(j)opMeHHoro 3xanoB na ocuoBaiiHH cpamieiiHH crpoeiiHH h coctbbob 
ByjiKaiiHHecKHX oGpaioBainiH 3anaaHOH h Boctohhoh Chohph. ripeacTaBJiaeMaa b paGoie cxeMa 
nanGojiee 6jiH3Ka k juunibiM tthx uccjie/ioBaTejieH. ho npHHUHnHajibHbie ee otjihhhh 
3aKJHOHaiOTCH b tom, hto rjiaBHbie 3Tanbi lie cMenaiHCb hctko ojihh jipyrHM bo BpeMenn, a b 
oiipe/iejieHHbiH nepHo/i BpeMeHH cocymecTBOBain BMecTe Ha cocejiHHx xeppHxopHHX. B 
BbmejieiiHH KoiiKpexiibix uhkjiob paijinnua eme 6o;iee cymecTBeHHbi (pnc. 2.34). 

Ha ocuoBanHH nojiyHeHHbix .aannbix HCTopna ByjiKaHH3Ma b panone npejiCTaBjiaeTca 
cjiejiyiomHM oGpaiOM. IlepBbiH 3Tan paiBHTna MarMaTH3Ma CBsnan c KoiiTHiieiiTajibiibiM 
pH(|)ToreHe30M, bo BpeMH KOToporo H3JiHBajincb paciuiaBbi niyGHHHoro nponcxowjieHHH 
(oGjiajiaiomHe bwcokhm Gd/Yb oTiioHjemieM. cBHjieTe ji bCTByiom hm o najiHHHH rpanara b 
HCTOHHHKC.) AKTHBHafl MarMaTHHeCKafl JieflTeJIbHOCTb (HBaKHHCKafl H CbIBepMHHCKaH CBHTbi) 
nocTenemio 3aTyxaia h ji0Ka.TH30BbiBa.iacb b npHjieraiomnx k XaHTara-lIacHHCKOMy npornGy 
oGjiacTHx, 3 to Hanoojiee otmct.ihbo bhjiho Ha npuMepe ryjiMHXHHCKOH CBHTbi. B npe^ejiax 
pH(|)TOBbIX CTpyKTyp n03)Ke npOMBHJICH 3iail (J)OpMHpOBaHHH TV (|)0 B H OaiaibTOB HajlOKAHHCKOH 
CBHTbi, CymeCTBCHHO OTJIHHaiOUIHXCJI OT HHyKe.lOKHUIHX HH3KHM Gd/Yb OTHOUieHHCM H 



oGoramemibiMH cneKTpaMH pacnpeaejieHHefl peaKHx 3ne\ienTOB. AnajiorHHiioe pa3BHTHe npouiJiH 
no.aoGHbie CTpyKTypbi 3anaOTO-CH6HpcKOH n.iaT^op.Mbi (pnc. 2.35. Macafmic. 1983; Reichow et 
al., 2005), rue ycTanoBJienbi c\ome;ioHHbie nopojbi h 6a3ajibTbi, 6jiH3KHe no cocTaBy k 
H aAOKanHCKon cbhtc h aaHce KHCJibie ByjncaHHTbi (AjibMyxaMeaoB h zip.. 1999. 2000, 2004). 
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Phc. 2.34. CxeMa conocTaBjieima uhkjihhhocth pa3BHTHa ByjiKaHH3Ma HopHJibCKoro panoiia no 

aaHHbiM pa jubix aBTopoB 

OGcraiioBKH: OIB -OKeaHHHecKHX octpobob, WP-BiiyTpHnjiHTiiaH; yranbi: P -pH<j)TOBbiH, II- 

njiar(|)opMeHHbiH, T -rparinoBbm. 


B KOHue pa3Bnrn>i na 3anaae pHijrroreHHoro MarM3TH3Ma Ha boctokc TeppHTopHH bo3hhk HOBbin 
ueHTp \iarMaTH3Ma. hctohhhk KOToporo cvmecTBeHHo OTJiHHajica ot c(J)op\iHpoBaBiiierocH b 3to 
B peMB na 3anazie. B neivi Hanajiocb BiieApeime TO.ieHTOBbix h noHKHJioo(j)HTOBbix, nnoraa 
nHKpnTOBbix 6a3a.abTOB tvkjiohckoh cBHTbi. npoAyKTbi H3Bep^eHHH KOTopofi no bcgm napaMCTpaM 
oneHb 6 jih3kh k ochobhomv rparinoBOMy yrany MarMaTH3Ma (MopoHroBCKaa-caMoe^CKafl cbhth). 
BepoHTiio. ueiiTp H3Bep>KeHHfl BToporo 3Tana pacnojiaranca b panone njiaTo IlyTopana. hjih b 
ueHTpajibHOH nacTH TyHryccKOH CHHeKJinibi. cvzw no yBejinnenHio mollihocth b 3tom 
nanpaBJieHHH tk 6a3ajibTOB. OaHaKo BepxHaa nacTb 3(f)(j)y3HBOB 3Toro 3Tana 3ziecb cymecTBenno 
copoanpoBaHa. MarMaTHHecKafl zieflTeiibHOCTb no niyoHHHbiM pa3Jio\iaM npo^o-i/Kajiacb n nocjie 























































ocHOBnoro 3Tana. o nexi CBHZiere.ibCTByioT mejiOHHbie nopo^bi MaHvteHa-KoTyikKOH npoBHHUHH 
(Fedorenko, Czamanske , 1997). 
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Mope ^ '• ^ 
/lanieBbix ^ 





y : 


OpueHTuposcxHbie rpamuibi Cn6npcKOi* nnaTo6a3anbTOBOM rpoBnnqnn 


TnaBHbie MarMOBbiBOflfluine 30 hw 


06nacTn pacnpocipaHeHHH By/iK3HMMecKnx o6pa30BaHmi 
(a - nasbi: 6 - Ty4>bi m TycjHfembi) 

fpaHnubi o6naciert BecbMa MHTeHcuBHoro (a). MHTeHcuBHoro (6) u 
yMepeHHO umeHcuBHoro (b) MarMaTU3M3 


t - TyHryccKuii 6acceMH; m - HopunbCKM* paiion; m - MawMeHa-KoTyMCxvni panon 


Phc. 2.35. OSjiacTH pa3BHTHH SaiajibTOB TpanrioBofi (|)opMaiuin b CnGnpu. Po30bwm noKa3aHbi 
nopo/ibi nepBoro (pH<j>ToreHHoro 3Taiia). KpacHbiM -ocHOBHoro TpannoBro orana. 

BbIBOZIbl. B 3aKJIK)MCHHe CJie^yeT OTMCTHTb, MTO HCXO^fl H3 nOJiyneHHblX 3aKOHOMCpHOCTCH 
paciipocipaiieiiHH ByjiKanorenHbix nopo/i b pa3Hbix tcktohhmcckhx crpyicrypax panona h 
oco6eHHOcTeH hx nexpo-H reoxHMHMecKoro cocraBa (maBHbie, pe;iKne h pajinoreHHbie ojieMeHTbi), 
noKa'iano, hto nopoabi Ty(j)o-;iaBOBOH tojiiuh HopHJibCKoro panona Gbuin c(J)opMHpoBaHbi b 
T eneHHe jxsyx cia^HH - pucjrroreHHOH (iv-sv -gd- nd) h cooctbchho TpannoBon (tk - mr-sm), 
KOTopbie He npocTO cmchhjih Apyr apyra bo BpeMeHH, a cymecTBOBajin OAHOBpeivieHHO b 
paHHeHa^CyKilHHCKHH nepHOH. Pa3BHTHC ByJTK3HH3Ma OCyineCTBJIfl.lOCb B TeHCHHC HCTbipCX UHKJTOB 
(iv-sv, gd. nd-tk, mr -sm). 



TJIABA 3. MHTpy3HBHbie oopajoBamiH 

3.1. ripoG.ieivibi bi.i jc.iciiiih HHTpyiiiBiibix komiiickcob b Hopn.ii.CKOM paiione, 

OCOSeilllOCTH HX CTpOeHHH II COCTaBa 

MnTpy3HBHbie nopoabi b HopnabcxoM paiione caaraioT npenMymecTBeHHO 
iiojioro'jajieiaioinHe Tejia (chjijibi h xonojiHTbi), cy6coraacm>ie c 3aaeranHeM xeppHreiiHo- 
ocaao'Wbix h ByaKan h 'icc khx nopoa; pevxe ohh o6pa3yioT ceKymne no otholuchhio k 
jajieraioinHM iopH30HTajibHo BMemaiouiHM nopoaaM MaccHBbi HenpaBHJibHon <|)op.Mbi n aaftKH. 
Hx iiapajuie;iH3anHM c aaBaivi h oobi'ino jaxpyaneiia H3-3a peaxo naoaioaaeMi.ix nenocpeacTBeniibix 
KonraKTOB. nocKOJibKv b oojibiiiHHCTBe caynaeB HHTpy3HBbi 3aaeraK)r cxpaTHrpa(|>nnee kh hh>kc 
Tycjjo-aaBOBon Tonmn, hto bo mhotom oSycaoBaeHo anToaorHHecKHMH oco6chhocthmh nopoa 
(Hanooaee 6aaronpH»THbiMH H3 xoTopbix ana aoKaan3anHH oxa3biBaioTca aeBOHcxne OTaoaceHHa). 

CymecTByior MuoronHcaeiiHbie xaaccn([iHKaunn hHT py3HBHbix o6pa30BaiiHH Hopnabcxoro 
panona (reoaorna h pyaiibie MecTopoHcaeHHa..., 1994: Naldrett. 1995; Fedorenko et al., 1996; 
Wooden et al., 1993). Oanaxo coraacno npoBeaennbiM reoaoro-cbeMonubiM paooxaM b 
I IopnabCKOM panoHC 6biaa cocTaBacua h yaBcp/xaena onopnaa aereHaa k reoaorn'iecKHM xapxa.M 
1: 200000 n 1: 50000 MaciuxaSoB. coraacno KOTopon Bee HHTpy3HBHbie nopoabi b HopnabCKOM 
panone pa36nibi Ha 4 raaBHbie xoiunaexca (xa6a.3.1. reoaorH'iecxaa xapxa..., 1994). B cbohx 
nccaeaoBaiiHflx Mbi ounpaancb hmchho na 3Ty xaaccH(|)HxanHio. Cpean HHTpy3HBOB panona 
naaoKuo anarHocmpyioTCfl MaccHBbi cySmeaoHHoro cocTaBa. oTHocnMbie k epraaaxcKOMy 
KOMnaeKcy, conocTaBaaeMbie c nopoaaMH HBaxHHcxon cBrnw. H 3 yabTpa6a3HT-6a3HTOBbix 
o6pa30BaiiHH nopiviaabnoH uteaoHiiocTH aocraTomio OTneTanBO Bbiaeaaioxca nopoabi 
aaaabiKancKor o KOMnaenca, npopbiBatomne 6 a 3 a. 11 .ibi BepxHnx cbht h GansxHe k iihm no cocraBy 
3 a cneT noBbiuiennbix coaepacaunn TmaHa. I Io-BHaHMOMy, ohh 3aBepmaioT MoxyaaeBcxo- 
caMoeacKHH 3Tan ManvtaTH3Ma. 

OnieceiiHe ocxaabiibix MHoroHHcaeniibix 6a3HTOBbix nopoa k tcm nan hiiwm xoMiiaexcaM 
hjih THiiaM 3arpyaHeHO BcaeacxBne 6aH30CTH hx cocraBa h OTcyTcrBHa B3aHMOOTHOinenHH c 
aaBaMH. Y3khh BpeMeHHOH HHTepBaa hx o6pa30BaHna (Horan et al., 1995; Kamo et al., 2003; 
Reichow et al., 2009: Svensen et al.. 2009; Walderhaug. 2005) He no3BoaaeT ycriemno npHMeHaxb 
MeToabi H30TonnoH reoxHMHH aaa hx pacHaeneHna. Pa36HeHHe Ha oTaeabHbie KOMnaeKCbi h 
noaKOMiiaeKCbi (run 1.1) MHoroHHCaeHHMX \iaccHBOB HopnabCKoro panona ocymecxBaaexca 11 a 
ocHOBaHHH aHaaH3a TeKCTypHO-CTpyKTypHbix h XHMHHecKHX ocoGeHHOCTeH caaraioutHX hx nopoa 
h hx pacnpeaeaemia b BepTHxaabHOM pa3pe3e. CymecTByioinaa xaaccHijiHxanHa y-iHTbiBaeT, b 
nepByio 0'iepeai>, cxerieni> an(Jx|)epeHiiHpoBanHOCTH HHTpy3HBHbix Tea. Tax, coraacno 'Jtomv 
npHHUHny, x HopnabcxoMy KOMnaexcy OTHeceHbi MHoro'iHcaenHbie (aecaTKH - nepBbie cothh xea) 


MarHe3HajibH0CTH (8-16 Mac. % MgO), noapa3aeaeHHbie Ha THnbi b 3aBHCHMOCTH ox hx 
BH yipemiero CTpoenna (nnvKHHe-BepxHHe pa3HOBHaHOCTH nopoa): nopnabCKHH (nHKpHTbi-raoopo- 
AHOpHTbl), HHHCHeTaJIHaXCKHH (nHKpHTbl-OJIHBHHOBbie ra66po), 3\60BCKHH (TpOKTOJlHTbl-ra66po) H 
KpyrjioropcKHH (ojiHBHHOBbie raoopo-neHKoraoopo). CaaGo an(j)(j)epeHmipoBaHHbie hjih 
H eOT(|)(J)epeHiiHpoBaHHbie HHTpy3HBbi oTHeceHbi k oroHepcKOMy KOMnneKcy. OaHaKO Taicoe 
pa3^e;ieHHe \iaccnBOB OTpaacaeT cxopee ycaoBna KpHCTajui h 3aun h c(j>opMHpoBaBLUHx hx MarM, 
neM CBH;iexejibCTByeT 06 hx npOHCxo)KaeHHH. 

Oanon H3 BaHCHCHiiiHX xapaKTepHCTH k HHTpyiHBHbix nopoa HBJiaeTCfl pacnpeaeaenne b 
HHX pC^KHX XilCMCHTOB. OCOOCHHO rpynnbl pe^KHX 3CMCJlb. KOTOpbie OTpa>Ka!OT COCTaB 

po^oHanajibHbix MarM h cocraB hx hctohhhkb. IlinpoKoe pa3BHTne hobmx anajiHTHHecKHx 
MeToaoB Hccjie/iOBaHHH BcmecTBa npnBeao k HaKonaeHH»o reoxHMHHecKHX aaHHbix jxsih 
MarMaxHHecKHx nopoa HopHJibCKoro pationa. Oanai<o ochobhoh hx o6i>eM othochtch k 
ByjIKaHHMCCKHM 06pa30BaHHflM. B TO BpC.Mfl KaK HHTpy3HBH blC KOMnjieKCbl OCTaiOTCfl 
oxapaKTepH30BaHbi b 3Ha i mreabHo MCHbiiiefi Mepe, hto orpaHHHHBaeT B03Mo>KHocrb npoBeaeHHH 
iiinpoKoro cpaBHHTCJibHoro aHajiH3a 6a3HT-yjibTpa6a3HTOBbix nopoa CnGnpcxon njiaT(|)opMbi 
BooGme, h HopHJibCKoro panoHa b nacTHOCTH. 

B aanHOH paGoxe npHBoaflTca MHoroHHCJieHHbie MHnepanoro-reoxHMHHecKHe aamibie, 
nojiyMeHHbie aa« MHoroMHcaennbix HHTpy3HBHbix Tea HopHJibCKoro panona (Goace 30 MaccHBOB) 
h, b iieGoabiiioM oGteMe, aaa lOxcHoro TaiiMbip a Ohh no3BOJifliOT c hoboh tomkh 3peiiH« 
B3ra>uiyTb Ha npoGacMy TnntnauHH \taccHBOB, cpaBHHTb hx c ByaKaH htbmh pa3Hbix 3TanoB h 
onpeaeanrb mccto b oGmen hctophh MarM3TH3Ma b panoiie. 

3. /. l.O&beKntbt uccjiedoeaHUH 

Ilpn npoBeaeiiHH noaeBbix paooT b HopnabCKOM panone aBTopoM Gbian mynetibi MacCHBbi 
pa3HOH CTeneHH pyaoHocHOCTH (pnc.3.1). aaa KOTopbix cocTaBaeHbi onopHbie pa3pe3bi no 
CKBa>KHiiaM nan KopeHHbiM oGnawennaM. 3 th MaccHBbi noica3aHbi na xapre (|)aKTH i iecKoro 
MaTepnaaa (pnc. 3.1). a hx noiviepa na KapTe cootbctctbyiot HOMepaM h iiaiBaiiHHM. aamibiM b 
xaGanne 3.1 . Mbcthhuo pe3yabTarbi 3THX nceaeaoBaHHH oriyGanKOBaiibi panee (KpHBoaynKaa h 
ap-, 2001; 2006; Krivolutskaya et al., 2012|). 

Ilpn oGcy^aeunn reoxnMHMecKHx ocooeHiiocreH pyaonoenbix MaccHBOB HopnabCKoro 
panona aaa noayneHHH cpaBHHTeabHon xapaKTepncTHKH pyaonocubix yabTpa6a3HT-6a3HTOBbix 
Tea b ueaoM npHBaeKaiorca pe3>abTaTbi H3VHenHa aBTopoM paiiibix no pyaonocHocTH mbcchbob 
C eBepHoro 3a6anKaaba (MuHencKoro. JlyKTvpcKoro), Boctomhoid CaaHa (KnHrauicKoro h 
B epnixeKHHraniCKoro MaccHBOB) h Kapeao-KoabCKoro pernoHa (19 Hmpv3HBHbix Tea). Bee 
anaaHTHHecKne paGoTbi Bbinoanenbi b oannx h Tex ace aaoopaTopnax npaKTHHecKH 



(XHHOBpeMeHHO, hto npe^nojiaraeT KoppeKTHOCTb Hcnojib30BaHHfl nojiyneHHbix pe3\;ibTaTOB jx jia 
npoBeneHHa cpaBHHTejibHoro aHajiH3a oSbcktob. 



Phc. 3.1. Kapia pacnojio>KeHHH H3yneHHbix HHTpy3HBHbix tcji HopHJibCKoro paKona (no.Mepa 
MaCCHBOB COOTBeTCTBVTOT HOMepaM B TaOJIHLie 3.1, VCJTOBHbie 0003HaHeHHH Ha pnc. 2.1) 


TaGjiHua 3. 1 . Hiyweinibie MaccHBbi HopnabCKoro panona h KDhchoto TaiiMbipa (cm. pnc.3. 1) 


Tun 


Ko.Mn.neKc 


/(aa,'lbiKaiiCKHH 


MopOHrOBCKHH 


HopHHbCKHH HopHJIbCKHH 




HH>KMeTaJIHaXCKHH 


KpymoropcKHH 


PydoHOcuocmb 


Beapvanbie MaccHBbi 


Caa6o opyaeHeabie. 
oe^pyaHbie 


1. YHHKajlbHbie 
MecTopoac^eHHH 



2. CpeaHHe h MejiKHe 

MeCTOpOJKJieHHfl 


3. Caa6o 
opyaeHeabie hjih 
Be-jpyaHbie MaccHBbi 


1 .KpynHbie 
MecTopoKaenHH 


2.MeaKHe 

MCCTOpO/KaCHHH 


PyaonpoaBaeHHa 
Haw Ge jpyaiibie 


MaCCHBbI 


C'aaoo opyaeHeabie, 
oeipyaHbie 


OroHepcKHH 


EpraaaxcKHH 




Humpynuih! 


1. /JaaabiKaHCKHH (kop.oGh.) 

2. MaccHB p. Banex (Kop.oGn.) 


3. MopOHrOBCKHH (KOp. o6h.) 


4. XapaeaaxcKHH (Tr-21, K3- 
456.KC-56), 

5. TaaHaxcKHH (OVT-2) 

6. HopnabCK 1 (r-22, MC-31, 
MH-7. K-p MP) 


7. MepHoropcKHH (H-55, 

KOp.OOH.) 

8. CeBepo-MacaoBCKHH (OM- 

4). 

9. K)>KHO-MacaoBCKHH (OM- 
24) 

10. HopHabCK 2 (MM-18, 
Kop.oSH.) 


1 1. MHK'iaHraHHCKHH (M/l- 

48/1200). 

12. MaccHB ckb. M/1,-57/1200 

13. MaccHB ckb. M/1-50/1000 


14. 10>KHO-riHCHHCKHH (OB- 

36. MB-12) 

15. BoaoroaaiicKHH (OB-29) 


16. 3y6-MapKiueHaepcKHH 
(Mn-34). 

17. MaccHB r.Boabuiaa 
BapbepnaH (MfI-38) 


18. HH>KHe-TaanaxcKHH (TF- 

31,30-15) 

19. 3eaeHorpHBCKHH (0-233) 

20. MaccHBbi Ookhhckoh 
naomaan 

(0-225/1220. 0-230/790) 


21. Hh>khhh caaa HopwabCK 1 
(p-K MP). MF16-2, MaccHB 
ckb.BT-4 


22. OroHepcKHH 

23. MaccHBbi ckb. OB-36/466 


24. BT-2 


25.MepeBKOBCKHH (t.h. 4180) 
26 -27 MaccHBbi hh>kh. 
TeHeHHs p. MHKnaHraa (t.h. 
2309, 490) 

28-M3KK-1.2 

29. M/1-57/300 

30. /laHKH 03. JlaMa (KaM.) 
































3.1.2. Cmpoenue imnipyuieos nopwibCKoeo KOMitJieKca u nempoepaipunecKue ocodennocmu 
CJl(lc (l 10ll{UX ILK nopod 

Bee yjibTpa6a3HT-6a3HTOBbie \iaccHBbi IIopHJibCKoro panoHa ABJiaiOTCfl 

Cy6ByjIKaHH4eCKHMH 06pa30BaHHHMH. KpHCTaJIJlH30BaBUJHMHC}! B 6jIH3IIOBepXHOCTHbIX VCJIOBHHX, 
hto nonTBepacnaeTcn, b nepBvio onepenb, hx nonepnTOBOH cTpyKTypoH. 30HajibHbiM CTpoenweM 
MHHCpaJlOB, HaJlHMHCM B HHX pacniiaBHblX BKJHOHCHHH (HaCTO CTCKJIOBaTblx), a TaiOKC HCpe^KO 
npncyTCTBHeM pacKpHCTannH30BaHHoro CTeicia b noponax. Bee 3to CBtmeTejibCTByeT 06 ycnoBHax 
ObicTporo oxnawneHna npn (|)opMHpoBaHHn HHTpy3HBHbix Ten. CnenyeT oco 6 o nonnepKHyTb, hto 
oto pa3HOo6pa3Hbie no cocTaBy raGGpo-nonepn™. cy6ByjiKaHHHecKHe paanoBHnnocTH ra66po. 
CornacHO Te KCTy pH o -CTpyKTyp h bi m ocoGchhocthm nopon HopHjibCKHe HHTpy3HBbi 
npnHUHriHajibno OTJiHHaiOTCfl ot nopon m ace hbob. c KOTopbiMH cBinaiibi Menno-nnKeneBbie h 
nnaTHHOBbie MecTopo>KneHHH Mwpa. no3To\iy nonbiTKH nonBecTH hx non ennHyio 
KjiaecH(|)HKanHio (3enbK0. 1992; Naldrett. 2009) npencTaBnaiOTca na\i ne coBcexi oGocnoBaimbiMH. 
B paGore npHMenaeTca Tep.Mmionorna. ycTaMOBHBinaacn nna nopon 3Toro panona (raGGpo- 
nonepHTbi: NHKpnTOBbie - > 40 oo. % 01. ojiHBHiioBbie -10-40% OI, onHBHNconepwainne - no 10 
%, 6030JIHBHHOBbie, KONTaKTOBblC, TaKCHTOBblC - IlOponbl C aTaKCHTOBOH TOKCTypOH, 
BapbHpyiomne no cocraBy, iipenMymecrBeHHO 6;iH3Kne k jichkoi a 66 po. Macro conepwar ojihbhh 
(no 10%), iiepaBiioMepno paciipocTpaneiiHbiH b nopone). Ha KonoiiKax nna coKpameiina 
npHBon«TCH ynpomeHHbie NaiBanna: iiHKpuTbi. TaKCHTbi n T.n. (pnc. 3.2. nanpHMep). 

Bee MaccHBbi cnowenbi onenb 6jih3Khmh no cocTaBy h TeKCTypno-crpyKrypiibiM 
OCOOCHHOCTXM pa3HOBHnHOCTa.MH Tiopon. H3MeHHCTCfl TOJIbKO HX COOTHOIIieHHe B BepTHKaJIbNblX 
pa$pe3ax ornejibnbix hhtpv3hbob. Oiipenenennaa H3MeiiMHB0CTb Biiyrpemieio CTpoeHHH 
ycTariaBjiHBaeTCH nna KpynHbix xiaccHBOB h no naTepann. npn Koropon (|)pomajibHbie nacTH 
oGoramaiorca nenKOKparoBbiMH pa3NOBHnnocraMH nopon. a TbiJioBbie - MenanoKparoBbiMH 3a 
cmct pauNCH rjiyGHHHOH KpHCTajuiH3anHH paennaBa h cenapannn KpHCTajiJioB nnarnoioma h 
ojiHBHHa (JluxaMeB. 1965). Oth nponeccbi OTpa/KaiOTca Ha NOBeneHnn rnaBHbix kommohchtob 
(ocoGeHHo MgO h AI 2 O 3 ) b noponax. ho cnaoo bjihhiot Ha pacripeneneHNe penKHx 3neMemoB. 

Oto nono>K'eHHe H\ieeT Baacnoe 3iiaMeHHe nna nocnenyiouiero ananH ja reoxHMHH nopon 
pa3HbIX MaCCHBOB H B03MOvKHOCTH nonVHCHHa HX CpaBHHTeJIbHbIX XapaKTCpHCTHK, nOCKOnbKV 
onopHbie pa3pe3bi nna hhx qacTo pacnonaraKvrca b pa3Hbix nacTax Hmpy3HBHbix Ten - 
neHTpanbHbix. KpaeBbix (mto oGycnoBneHO B03M0>KH0CTbio oToopa HeoGxonHMoro iviaTepnana). 

TnaBHbie rniibi hH rpy3 hbh bix nopon HopnnbCKoro panona neranbno onncanbi b 
nHTepaType (XlonHH h np., 1971: HaTopxnH. ApxnnoBa. 1977; BaTyeB h np., 1972; 3onoTyxHH h 
np. 1975. 3onoTyxHH. 1997; PaooB, 3onoTyxHH, 1977; PaooB, 1992; PaooB h np., 2000; 




Phc. 3.2. CipoeHHc py^oHocHoro HHTp\3HBa I IopHjibCK 1 (A) h 6e3pyziHoro IlHyKHe-TajiHaxcKoro 

\iaccHBa (B). HepHoe - MaccHBHbie pyabi. 
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Phc. 3.3. CTpoeHHe 3yo-MapKLiieHnepcKoro hh rpy3HBa no ckb. MH-34. 
ra66po-.nojiepnTbi: r-6e30JiHBHH0Bbie, In - nHKpHTOBbie, I t - TaKCHTOBbie, I k - KomaKTOBbie 
k/3 - KpynH03cpHHCTbie. m/ 3 - \iejiK03epHHCTbie. Knili - KajiHiunaTH3auH5i, S - cyjibcjjHnHaa 

BKparuieHHOCTb. 



JTHxaneB, 1996; TypoBueB, 2002 h up.)- IloaxoMy HH>Ke aaexca oaenb Kpaxxas xapaxxepHCXHKa 
ocHOBHbix pa3HOBHiiHocxeH riopoa h HecKOJibKO oojibiue BHHMaHHs yaeaaexca nopoaaM. KOXOpbie 
BriepBbie Sbian onncaHbi h HxyneHbi aBXopoM b IOxc ho - Mac;i o bc ko m HHxpy3HBe. 

OcHOBHoe BHHMaHHe HccaeaoBaxeaen npHBaeKaiox omeranBo amjKjiepeHunpoBaiiiibie 
MaccHBbi, o6aaaaK>mne pa3Hon cxeneHbio pyaoHocHocxn. Ohh o6i>eanHeHbi b HopHjibCKHfi 
KOMiuiexc c coorBexcxByiomHM rioapaiaeaeiiHe.M na xHnbi (xa6a 3.1). Tax. k coScxBeuHO 
HopnabCKOMy xHriy oxHeceHbi cymecxBeHHO Bapbnpyiouj,He no pyaoHocHocxn 
an(j)(j)epennnpoBaHHbie xoHoanxonoao6Hbie HHxpy3HBbi co cpeaHeB3BemeHHOH 

MarHe3HaabHocxbio 10-12 % (ao 12 km npoxsnKeHHOcxbio. luhphhoh ao 2-4 km h MomHocxbio ox 
20-50 ao 400 m), coaepwamne xax yHHKajibHbie no xanacaM pyabi - Hopnabcx 1. TajmaxcKHH n 
XapaeaaxcKHH. - xax n MeaKHe MecxopowaeHna - MepHorpcKoe. Hopnabcx 2 (cm. xaoanna), xax h 
6e3pyaHbie MaccHBbi (({iokhhckoh naomaan, BCKpbixbie ckb. 0-230, 0-225) B 3y6oBci<nn xnn 
axoro >kc KOMnaexca Bxoaax xoh >xe cpeaHeBXBeiueHHon MameanaabHocxH MaccHBbi, no MeHee 
oxMexanBO an(|)(|)epeHnnpoBaHHbie (BoaoronaHCKHH. IOaho-Hhchhckhh HiixpyxHBbi), k 
HHAHC xaaHaxcKOMy xnny - caa6o an(|)c|)cpeHHHpoBaHHbie noBbimcnHon MarnexnaabHocxH (13-16 
% MgO). K KpyraoropcKOMy xnriy - MaccHBbi c iipeooaaaanneM aenKora66po b pa3pe3e: 
caMocxoareabiibie xeaa, nan hx nacxn (npoayKXbi an<j)(j>epeimnauHH ncxoanon MarMbi). Macro 
ohh o6pa3yjox oxaeabHbic anoc|)H3bi Ha ncpH(j)epHH TaaHaxcKoro pyaHoro noaa. CBrnb 3 xhx 
M aaoMomtibix wnaooGpaxHbix xea c raaBHbiM HiixpyaHBOM ne Bceraa ycxanoBaena. IIpHMcp 
BHyxpeHHero cxpoeHHH pa3Hbix XHnoB MaccHBOB noKa3aH Ha pnc. 3.2 - co6cxbchho Hopnabcxoro 
XHiia (mirpyjHB Hopnabcx 1. pnc. 3.2.A) h HHJKnexajniaxcKoro XHna (pHC. 3.2 B), xyGoBcxoro 
XHna (pnc. 3.3). 

XapaKxepncxHKa BHyxpeiiiiero cxpoenna (pacnpeaeaeiiHe raaBiibix paxuoBHanocxen nopoa 
h BapHauHH paaa nopoaoo6pa3yiomHx okhchob h pyaHbix aaeMeHxoB b pa3pexe HHxpy3HBa) aaHa 
na npHMepe TajiHaxcKoro MaccHBa. coaepacamero yHHKajibHbie no xanacaM h MHHepanbHOMy 
cocxaBy cyab(j)Haiibie pyabi. Ha pnc. 3.4. xaMexua oxnexaHBaa anijxjjepeimHauHH Maccrma. 
Bbipa>xaiomaacM b aoMHiinpoBaiwH BbicoKOMarHeinaabiibix (iiHJKOKpeMiiHcxbix) paxHOBHanocxen 
nopoa b HHAHen ero i iacxn, k Koxopon npHyponeHbi h ochobhuc KOHueHxpauHH pyaHbix 
3JieMeHXOB - HHKeaa, KoSajibxa. Mean h xpoMa. nocaeaHee upeacraBJiaer co6oh xapaKxepnyio 
ocoSeHHoexb HopnabCKHX HHxpy3HBOB c ooraxbiMH pyaaMH. 

noMHMO no Kazan max Bbirne Hiixpy3HBOB nopnabCKoro KOMnaeKca, h3mh omchi, aexaabHo 
6biaH HccaeaoBaHbi MaccHBbi MacaoBcxoro m ecxopoacae hh a, o6pa3yioinHe cooxbcxcxbchho 
IOaho- h CeBepo-MacaoBCKne MecxopoxaeHHH. BHyxpeHHe cxpoeHne axnx HHxpy3HBHbix xea 



Phc. 3.4. Ctpochhc h pacnpc/icjiCHHO 3J1CMCHTOB b pa3pe3e TajinaxcKoro hh rpy3HBa no 

ckb. oyr -2 

YcJiOBHbie o6o3HaHeHHfl. I a66po- < aojiepn tbi: T - raKcn roBbie. 11 - nmcpHTOBbie, \ 'o - 
ojiHBHHOBbie, I oc - ojiHBHHCOflepacaiuHe, T - oejojiHBHiioBbie. TpeyrojibHHKaMH c nepron 
noKa3anbi ra66po-;iHopHibi. iutphxobkoh -c-ioniHbie cyjib(|)n;iHbie py/ibi, BBcpxy mcjikhmh 

TpeyrojibHHKaMH b coneraHHH tT - MarMamnecKHe opeKHHH. 
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Puc.3.5. FIojio>KeHHe CKBa>KHHbi OM-24 b pa3pe3e k»khoh nacTH MacjiOBCKoro 
MeCTOpOHCfleHHfl. HaHMeHOBaHHH CBHT CM. b Taoji. 2.1. 







cymecTBeHHO oxaHaaexcsi, ocoGbin HHTepec npeacxaBaaex ICbKHoe xeao. Ha npHMepe KOToporo h 
aaexca xapaKiepacTHKa HHTpy3HBHbix riopoa. Hmchho 3aecb ycxanoBaeiibi xax xpaanriHoniibie 
raGGponabi, caararomne HHTpy3HBbi HopwabCKoro xoMnaexca, Tax h riopoabi, xapaxxepHbie Toabxo 
aaa aaHHoro \iaccHBa (ckb. OM-24, phc. 3.5) 

Chh 3>' BBepx b pa3pe3e nHTpy3HBHoro Teaa Bbiaeaaroxca raGGpo-aonepnibi (pHC.3.6: (|>oto 
Ha pHC. 3.7): hh>khh6 KOHTaicroBbie, xaxcnxoBbie. nHKpHTOBbie, oaHBHHOBbie h 
oaHBHHCoaepaoniHe. 6e3oaHBHHOBbie. BepxHHe raxcnroBbie. BepxHwe riHxpnxoBbie 
(cnopaannecxH), BepxHHe KOHTaicroBbie. a xaK>xe aenxoraGGpo h raGGo-anopnibi. 

KonmciKmoebie raoopo-aoneprixbi npeaciaBaaioT coGoh MaccHBHbic Meaxo-, 
cpeanexpHcraajiHHecxHe riopoabi. cocroamne H3 naainoxaaxa (An^s) h xaHHOiiHpoxcena (Mg# 
72-74) npHMepHo b paBHbix xoannecxBax. coaepacamne HHoraa ao 5-10 % oaHBHHa (Fo^,^). B 
mctKcumoGbix ra66po-aoaepHTax naai noxaa3 Anso-68 (ao 60 %) npeoGaaaaer naa rinpoxcerioM, a 
coaepaoiine oaHBmia F 072.65 aocTHraeT 10-15%; hx xapaxxepHon ocoGeHHocxbio aBaaeTca 
araxcHTOBaa xexcrypa: Ha <|)OHe HepaBHOMepHoxpncxaaaHMecxHX aenxoxparoBbix nopoa 
o6oco6aaioTca ynacxxn MeaaHoxpaxoBoro cocTaBa. nacxo 6oace MeaxoxpHcxaaaHHCCKHC, 
0601 ameHiibie oaHBHHOM. Coaep>xaHHe cyab(|)naoB Moacex cocraBaaxb 20 % or o 6 be\ia riopoabi; 
ohh oGpaxyiox neripaBHabribie HrirepcxHUHaabiibie Bbiaeaenna. caoweriribie xaabxoriHpnx- 
nrippoxHHOBbiM arpcraxoM. aocxHraromHc 3-4 cm b anaMcxpe riuKpumoebie raGGpo-aoncpurbi 
npeacxaBaaiox coGoh MaccHBHbie. Hiioraa xoiixonoaocnaxhie. Meaxo-cpeaHcxpHcxaaaH>iecxHC 
nopoabi, cocroamHe H3 (oG. %): oaHBHHa (xaGa. 2) Foho- 78 (50-70) . naarnoxaara Aii78-72 (20-25), 
xjiHiio- h oproiinpoxcena (15-20 h 3-4 % cooxBexcxBeHno, Mg# 80-84), MarHeiHia (5) c 
coacpacaiiHCM xpo\ia ao 4% h cyab(|)HaoB (b cpeaHeM 5-10. nnoraa ao 15%). OaHBHH 
npeacxaBaeii xax xpyrnibiMH (ao 2-3 mm) cyGHanoMopijnibiMH xpncxaaaaMH. rax h mchxhmh h 
cpcaHHMH oxpyrabiMH 3epHaMH (0.1-0.2 - 0.3-0.5 mm). Cyabcjinabi oGpa3yrox anGo BxpanaeHHHxn 
ao 2 cm, anGo Meaxne HHrepcxHiiHaabHbie oGocoGaeHna cpean nopoaoo6pa3yioinHx MHHepanoB 
(2-5 mm), 3h6o xoHxne npoxnaxH (3-6 mm). 

HecoMnenribiH Hixrepec npeacxaBaaiox coGoh nopoabi. (jropMHpyiouiHe Bepxmoio aacxb 
HHxpy3HBHoro xeaa. /Jo Hacxoamero BpeMeHH noaoGHbie pa3HOBHaHocxn He 6biaH onncaHbi b 
HopnabcxoM parioHe. XapaxxepHon hx ocoGeHHOcxbio aBaaexca Haanane cxexaa (ao 15 %). b 
xoxopoM pacnoaaraioxca riop(|)ripoBbie BxpanaeHHHxn yaaHHeHHbix xa6aHxaaxbix xpncraaaoB 
iiaaiHOxaaja h xo poxxorip hsm axnaec xh x xpncxaaaoB nnpoxcena. HHoraa cyGnaHOMop^noro 
oaHBHHa. no cocxaBy nopoabi oxBeaarox raGGponaaM HopMaabHoro paaa. npncyxcxBHe cxexaa b 
BepxHHx xoHxaxrHbix 30Hax MaccHBOB b HopnabcxoM parroHe Gbiao onncaHO paHee, HanpnMep, b 
TaanaxcxoM nnxpy3HBe (/Ioann h ap., 1971). oanaxo oxh nopoabi HMean rieGoabinyio Momnocxb 
(riepBbie Mexpbi). 
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Phc.3.6. CrpoeHHe KlbKHo-Mac.ioBCKoro HHTpy3HBa no ckb. OM-24 












B paspese ckb. OM-24 xapaKTepH3ye\ibie nopoabi caaraiox ropH30Hx MomHOCTbJO okojio 
100 m. B Bepxnen nacxn HHTpy3HBa onenb Miioro ManieTHTa. KoxopbiH oopaiyex CKenexubie hjih 
aenapHXOBHaHbie KpHCxaiuibi (pHC. 3.8). OxjiHHHxeabHOH oco6enHOCTbio xpex rjiaBHbix 
nopoaoo6pa3>iomHx MHHepajiOB (nnpoKceHa. iuiarHOKJia3a h ojihbhh3) aBJiaexca hx oxnexaHBoe 
30HaribHoe cxpoeHHe h oohjihc KpynHbix cxeicioBaxbix pacnaaBHbix BK.*iio L ieHHH (ao 50-60 mkm), b 
Koxopbix iiepeaKo xaioKe upHcyxcxByex MarnexHx (pnc.3.8). Bee nepenHcaemibie Bbime npH3iiaKH 
- HaiiH i ine CTeKJia, aeHapnxoBHaHbie (|)op\ibi BbiaeaeHHH MarHerHxa. pacnaaBHbie cxeioiOBaxbie 
BKaio i ieiiHH - CBHaexeabcxByiox o HpeiBbinaHiio Gbicxpoii KpHcxajuiH3auHH 3xhx nopoa. 

3.L3.Cocmae nopodooopenytomux Munepa.ioe unmpyiueHbix nopod 

Mop(|)OJiorHH, pa3\iepbi. ocoGemiocru BbiaeaeiiHH riopoaoo6pa3yiomHx MHiiepanoB b 
H opnabCKHX HHTpy3HBax onHcaHbi b MHoroMHcaeHHbix pa6oTax (PaooB, 3oaoTyxHH, 1977; Pa6oB, 
1992; Czamanske, Zerfko, 1995; JlHxaneB, 1996 h ap.)* IIo3xoMy HH>Ke npnBoaaxca xojibKo 
aannbie aaa 3xhx MHHepanoB, noayMCHHbie aBTopo.M BnepBbie aaa I IopixnbCKoro pafloHa h 
HMeiOLiiHe HepeaKO Goaee uiHpoKoe 3HaMe»He. 

O a h b h h BCTp eraexca np acTHaecKH rio Bce.viy paipe3y HHTpy3HBOB nopHjibCKoro 
KOMnaeKca (Kpovie ropnioirroB, caoaceHHbix ra66po-aoaepHra\iH). Mopc|)oaorHa h pa*Mep ero 
3epen MCHMCTCH B 33BHCHMOCTH OT THna HOpoa: B BbICOKOMariie3HanbHbIX pa3HOBHaHOCTHX 
(nHKpHTOBbix i a66po-aoaepnrax) npeooaaaarox cy6naHOMop(|)iibie Kpyrmbie BbiaeaeHHa (ao I - 2 
mm, b cpeaneM 0.5 mm) nan oKpyrabie 3epna 0.4-0.1 mm, a b HH3KOMarHe3HaabHbix - 
HenpaBHabHOH (JjopMbi KpHCTaaabi, oxpaa<aK>inHe Mop(|)oaormo HuxepcxmiHH Mea<ay 
KpHCTaaaaMH naarHOKaa3a (0.2-0.5 mm). khyHeiine oaHBHiia HMeao h TeopeTHMecKyio ocHOBy, 
nocKoabKy hmchho 3tot MHHepaa npeacxaBJiaex coooh b 6oabiiiHHCxBe cayaaeB caMyio pamuoio 
jiHKBHaycuyio (|)a3> h b MaKCHMaabnoii creneiiH coaep>KHx Hii(|)opManmo o cocTaae HexoaHoro 
pacnaaBa, xoxopaa 3ane i iaxaeiia xax b cocTaBe caMoro oauBHiia. Tax h b coaepacamHxea b neM 
Mar MarHHecKHx BKaioHeimax. K npeHMymecxBaM McnoabiOBaima 3xoro MHiiepaaa aaa 
renexHHecKHx nocxpoeHHH, a xaoce pemeHna npHKaaaHbix 3aaan, oxhochxch luhpokhh paa 
oopajyeMbix hm cocxaBOB, , a xaioKe 3HanHxeabHbiH na6op 3JieMeHX0B-npHMeceH, Koropbie Moryx 
Hcnoab30Baxbca npn HHxepnpexaiiHH ycaoBHH ero oopa30BaHHa h Bbicxynaxb b KanecxBe 
noHCKOBbix KpHxepneB. 

11a nepBOM 3xane paoox ocHOBHoe BHHMaHHe obiao yaeaeHO oaHBHHaM h, b 3HaMHxeabHO 
MeHbmeii Mepe. impoxceHaM H3 riHKpnxoBbix raoopo-aoaepnxoB pa3Hbix MaccHBOB. 3xo 6biao 
oGycaoBaeno hx ocoooh 3HaHHMocxbio b cocxaBe hhxpv3hbob Kax ropH3onxoB, necymux 
BKpanaeHnoe opyaeneHHe. BapnaunH raaBHbix 3aeMenxoB (Fo cocxaBaaiomaa) b pa3iibix 
MaccHBax onenb 6aH3KH Meacay coooh. MaKCHMaabHbie 3HaneHHa 3xoro MHHaaa aocxHrarox 83 



moji.%. Hanooaee >xeae3HCTbie pasnoBHanocxH ojihbhhob oonapy^em.i b sepxHHX ropH30HTax 
MaccHBOB nopHJibCKoro h KpyraoropcKoro thhob. Ojiiaxo nanGoaec noKa3axejibHbiMH hbjikiotch 
coaepxaHHB xaeMenTOB-npHMeceH, KomieHTpaiiHH KOTopbix BapbHpyioT 6ojiee inaHHaeabiio b 
MaccHBax pa3HOH CTeneHH pyaoHOCHOCTH. HanpHMep. coaepxcaHHa HHKeaa b oanBHiiax HH>KHee- 
TajiHaxcKoro THna hhtp jshbob He np iBbiuiaioT 0 1 Mac.%, b to Bp aia. xax b MaccHBax c 
6oraTbiMH pyaa.MH 3th KonueHTpauHH cocraBaaior 0.2-0.3 Mac.%. Xora naao OTMermb, hto 
HepeaKO HHxpyxHBbi c BbicoKOHHKeaHCTbiMH oaHBHHaMH He coaep>KaT GoraToro opyaeHeHna 
(HanpHMep, MMaHraHHCKHH mbcchb). 

B pe3yabTaTe npoBeaeHHbix paooT hsmh 6biao BnepBbie noKa3aHo, hto oaHBHHbi H3 
MaccHBOB HopHjibCKoro pafioHa xapaicrepHTyiorca ocoGbiM cocraBOM: b hhx ycxanoBjieHbi 
BbicoKHe KOHiieH xpaiiHH xa>Keabix peaKHX 3eMeab. HrrpHa. noBbimeHHbie THxaHa h noHHweHHbie 
KajibUHM h BanaaHfl (Krivolutskaya et al., 2012|). AnajiH3bi ohhbhhob Bbinoanenbi H.A. 
KpHBoayuKOH Ha 3aeicrpoHHOM MHKpo30Hae «JEOL JXA- 8200 Superprobe» b HucTHTyTe Xhmhh 
hm. Maxca ELnaHica (r. Mafimj, TepMaHHa) no cnenHaabHO paxpaooraHHOH MeToaHKe (Sobolev el 
al., 2007). noxBoaaiomcH noBbicHTb npeaea ooHapy>KeHHa npHMCCHbix aacMCHroB (Ti. Cr, Mn, Co, 
Ni) ao 10 r/x. ToHnocTb oripeaeaeHHH Moabiioil aojm (jjopcxepHTa b oanBHue cocxaBJiaaa 0.2 %. 
3aeMeiiTbi-ripHMecH oripeaeaaaHCb c noMomwo aaxepnoH aGaauHH (anaMexp xonaa 70 mkm), 
MeToaHKa onHcaHa b ripHaoxceHHH 1. 

3aKonoMcpHocxH pacnpeaeaeHHa peKoxeMeabHbix aaeMeHTOB (Yb. Y) b oaHBHiiax 
npoaeMOHcrpHpoBaHbi Ha ripHMepe paxHbix HHTpy3HBOB. 3aecb npHBoaHTca xoabKo cBoaHaa 
awarpaMMa (phc.3.9), noaTBepKaaiomaa 3 to noaoKenne na iipHMepe KOHTpacxHbix no cxeneiiH 
pyaoHocnocxH MaccHBOB: TaaHaxcKoro, XapaeaaxcKoro. HopHabCK 1 co cnaounibiMH pyaaMH 
(rpynna pyaonociibix HiiTpyxHBOB. noKajannaa na aHarpaMMe Kpacno-poxoBbiMH iiiaHKaMH) c 
oaHOH cTopoHbi h Hn>KHee-TaaHaxcKoro. 3eaeHorpnBCKoro h HopnabCK 2 - c apyrofi cTopoHbi 
(rpynna 6e3pyanbix HHxpy3HBOB, oiiMeHeHHaa 3eaeHo-roay6biMH h chhhmh 3H3HKaMH). rpannna 
MOKay noaaMH Tonex 3 Thx aByx rpynn noKaxana ihtphxoboh anuneH. HanGoaee hctko OTaHHna 
lipOHBaBlOTCH B OHHBHHaX /KeaeJHCTbIX COCTaBOB. B TO BpeMH KaK BbICOKOMarHe3HaabHbie 
pa3HOCTH o raH'iaioroi He CToab 3H3 hhmo. 

rjiaBHbi.M oraHHHeM noBeaeHHfl peaxnx 3eMeab b 3thx aByx rpynnax HBaaeTca crenenb 
naKonaeHHa paccMOTpeHHbix aaeMeHTOB b npouecce cj)paKUHOHHpoBaHna pacnaaBa (T.e. cmchh 
MarHe3HaabHbix oaHBHHOB >Keae3HcxbiMH). EcaH aaa 6e3pyaHbix MaccHBOB naKonaeiine TP33 
npoHcxoanT oneHb nocTeneHHO (KOHneHTpauHH hx VBeaHHHBaioTca Ha 20-30 % npn H3MeHeHHH 
COCTaBOB oaHBHHOB Ha 10 HOMepoB no (j)opcTepnTy), hto orpa5KaeTCB oneHb noaorHM HaKaoHOM 
rpenaa. o6pa3yeMoro tohk3mh COCTaBOB 3thx oanBHuax na aHarpaMMe Y - Fo (phc.3.9), to aaa 
pyaoHOCHbix - oneHb pe3KO, c B03pac raHHeM 3HaneHHH coacpaoH hh b 2-3 pa3a Ha 1 -2 HOMepa. 




Phc. 3.7. TeKCTypbi ochobhmx THnoB HHTpy3HBHbix nopoa iiopH.ibCKoro KOMiuieicca (uiKana - 

bcpxhhh jieBbifi phcyhok - zuifl Bcex dx>Torpad)HH - 1000 mkm) 



















Phc. 3.8. OoTorpa(J)HH nopozi IO>KHo-MacnoBCKoro h MiiKnaHraHHCKoro hhtpv3hbob 

(H3o6pa>KeHHe bo BTopHHHbix ojieKTponax) 









Jinn BbiHBjieHH» npHHHH yica3aHHoro noBeaeHHH pejuciix ajieMeHTOB hbmh 6bijio npoBe,aeHo 
McxaejiHpoBanne B03pacTaHHH coaepacaHHif HirepoHfl b o.iHBHuax 3ejienorpHBCKoro MaccHBa b 
upouecce (|)paKUHOHHOH KpHCTajiJiH3auHH c noMombK) 3BM MoaejiH «KOMArMAT-3,5» 
(Aphckhh, BapMHHa, 2000). Bbino.iHeHHbie pacneTbi noKa3anw, hto peajibHO Ha6jiio,aaeMbiH pocT 
coflepacaHHH 3Toro 3JieMCHTa no.iHocTbio moxcct obiTb ootjAchch 3BOjiionHeH pacnjiaBa b xojxc ero 
(JjpaKUHOHHpoBaHHfl jxnn 6e3py,mibix MaccHBOB (6o.iee nojiorHe rpen^bi). Oneiib Kpyxbie Tpen^bi 
HaKOnjieHHH pe^KHX 3JieMeHTOB B OJIHBHHaX H3 IIHKpHTOBblX ropH30HTOB 
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Phc. 3.9. CBOAHaa jwarpaMMa Y-Fo jxnn o.ihbhhob H3 pa3Hbix MaccHBOB HopHjibCKoro pafioHa 

pyaoHOCHbix MaccHBOB. npH KOTOpbix co^ep>KaHHfl HREE ot \iarHe3HajibHbix k >Kejie3HCTbiM 
pa3HOBH.HHOCTHM yBCJIHHHBaiOTCM B 2.5 - 3 pa3a. HeB03M0>KH0 OOBHCHHTb C npOCTOH (JjpaKUHOHHOH 
KpHCTajiJiH3auHeff. Heo6xo,HHM hhoh, oneHb neoobiHHbiH npouecc, KOTopbiH cnocoocTByeT 
nojiynenHio tbkhx BbicoKHx co^epncaHHH pe^K03eMe.ibiibix 3Jie\ienTOB. Ojxmi m BapnairroB 
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(|)pauHOHHpoBaimoro pacruiaBa CKB03b kvm yji athbh bi h ropH30HT ojihbhhcU npn kotopom 
6y(J)epHpyeTca MarHe3naabHOCTb MHHepaaa. a HaKananBaioTca peaKne 3JieMeHTbi. 

Pa3JiHHHH Meacay oTMeneunbiMH rpynnaMH ycTaHOBaenbi He ToabKo a. na peaKHx 3eMejib, ho 
h aaa apyrnx ojicmchtob: KajibUHH, HHKeaa. BaHaana. THTaHa h T.a. Ohh Gbian noaTBcp>KaeHbi c 
noMombK) ^HCKpHMHHaHTHoro aHann3a (Bbino^HeHHoro c HOMOHibK) uporpaMMHoro naKera 
STASTISTICA-7), coraacuo KOTopoMy npeacKa3annbie rpynnbi oTHeTJiHBO OTaeaaioTca oana ot 
apyrotf. C rioMombio noayneHHOH aHCKpuMHiiaimioH (|)vhkluih bo3mo>kho upoBO/iHTb cpaBiieiiHe 
^pyrHX MaCCHBOB C 3TaJIOHHbI\lH. 

ripn H3\ a ieHHH pacnpeaeaeHHa 3JieMeHTOB-npn\ieceH b ojiHBHHax apyrnx ropH30HTOB 
MaccHBOB ( KOHTaKTOBbix, TaKCHTOBbix. oaHBHOBbix h oaMBHiicoaep'/Kamnx raGGpo-aoaepmoB), B 
nepByio o i iepe;ib, b pa3pe*e HopajibCK 1 (phc.3.10). 6buio ycranoBaeno, hto KaacabiH ropH30HT 
HHTpy3HBa xapaKTepH3yeTCH cbohm TpenaoM naKoriaenHa peaKHx 3e\iejib, npHHCM naKaon 3Toro 
TpcH/ia CBH3aH HanpaMyio c \iarHC3HajibHOCTbio nopoabi: b nnKpuTOBbix raGGpo-aoacpmax 
oGpasyiorca caMbie KpyTbie rpenabi, b TaKcnroBbix - Goaee noaorne, a b ojiHBHHOBbix h 
ojiHBHHCo;iep>KamHx nopoaax - eme Goaee noaorne. HcKJHOMeHHe cocTaBaaior oaHBHHbi H3 
KoirraKioBbix raGGpo-aoaepHTOB. KOTopbie GbiJiH o6Hapy>KeHbi b 3HaoKoirraKre MaccHBa 
UopHJlbCK 1 H HMCJIH >Keae3HCTbIH COCTaB - B HHX yCTaHOBaeilbl MaKCHMaJlbHO BblCOKHC 
coaepwanHa h rrpHfl, h rrepGHa h aHcnpo3na. 

IJupoKceH. CocTaB iinpoKcena, a hmchho ero \iarHC3HaabHocTb, a Tax>Ke noBeaeiiHe xpo\ia 
h TH iana cymecTBenno Bapbnpyior b BeprnKaa i>hom pa3pe3e mrrpy3HBHbix Tea (pHC. 3.2 A h B). 

Brioane ecTecTBeimo Gbiao o>KHaaTb. hto h ho HHpoKcenaM GyaeT noayHena Gansxaa 
KapTHHa pacnpeaeaeHHa peaKHx 3aeMCHTOB h GaH3Knx k hhm no rcoxHMHH 3aeMCHTaivi. IlanGoace 
HHTCpeCHbIM B 3TOM OTHOUICHHH aBaaCTCa THT3H, KOTOpblH KOppeaHpyeT C peaKHMH 30MaaMH H 
xopomo H3Mepaerca ;ia>Ke c noMombK) 3aeKipoHHoro 30Haa. nocKoabKy ero KOHnempanHH b 
HH poKcenax BbicoKH. /leHCTBHTeabHO, KOHTpacTiioe noBeaenne TiO: ycranoBaeno b oTneranBo 
HH(|xJ)epeHUHpoBaHHOM IaanaxcKOM HHTpy3HBe (puc. 3.4), rae pacnpeaeaeHHe ero oTHeTaiiBo 
KoppeanpyeT c H3MeneimeM >Keae3HCTOCTH MHiiepaaa b pa3iibix ropniOHTax (pnc. 3.11), mto 
ripocae>KeHO no ckb. OYr-2. 

TeM lie \ienee. 3iiaHHMbix pa3anHHH aaa nnpoKcenoB yKa3amibix Bbime aByx rpynn 
MaccHBOB (pyaoHOCHbix h 6e3pyaHbix) noayneHO He Gbiao (pnc.3.12). Bepoarao, 3to CB«3aH0 co 
caaGoH aH(|xf)epeHUHauHeH HByneHHbix HHTpy3HBOB. npn KOTopon Bee anunn TpeaoB 1102 - Mg# 
GaH3KHH HaxaoH Ha anarpaMMe h canBaiOTca Meacay coooh. 

MHKnanraHHCKHH MaccHB. HuTepecHbie aaHHbie no nopoaooGpa3yiouiHM MHnepaaaM 
noayHeHbi aaa HHTpv3HBa. BCKpbuoro ckb. M.ZJ-48 b aoanHe lO. Hk 3H3 Ha MwKHaHraHHCKOH 
naomaan. Ho cbocmv BUNTpeniieMy CTpoenmo. neTpo- h reoxHMHH oh MO/KeT GbiTb OTiiecen k 



HopHJibCKOMy THnv HHTpy3HBOB, ozmaico e\iy npHcymn cboh Mnnepajibiibie ocooennocTH. 
CoBepmeHHO Heo6biHHbiM jx. hhtpv3hbob Hopn.ibCKoro panoHa ABJiflCTca ooHapy)KeHHe b 
nopoziax Sojibmen Hacra pa3pe3a HccjiezioBanHoro MaccHBa ojiHBnna c OTHeuiHBbiM 3onajibnbiM 
CTpoeHHCM (KpHBOjiyuKafl h zip.. 2009|), KOTopoe BbiflBJiaeTCfl npn onTHMecKOM H3yncHHH uojx 
MHKpOCKOIlOM H HOJlTBep^TiaeTCH ZiaHHblMH MHKp030HZl0BbIX HCCJiejlOBailHH (pHC.3.13). 

CaMbie H3MeHHHBbie no cocTaBy 3epHa o6napy>KeHbi b cpezuie3epHHCTbix ojiHBHiioBbix h 
OJIHBHHCOZ iep/KaLUHX MaCCHBIIbIX raOOpO-JIOJiepHTaX C AOJiepHTOBOH H ri0HKHJ100(j)HT0B0H 

CTpyKTypon b HHTepBajie 1170-1230 m (cpejwee co;iep/KaHHe MgO=7.5 Mac. %, pnc. 3.13). 
MarHe3najibHOCTb ojihbhhob H3 ojworo oopa3na jum ojiHBHHOBbix n ojiHBHHCOjiepwaniHX nopoa 
Bapbnpyer b npeziejiax 12-20 moji. % Fo. Crenenb KoiiTpacTiiocTH MOKjiy uenTpajibiibiMH h 
KpaeBi>iMH Hac'imiH lepen MO>KeT cnjibno MeimbCH b ojihom oGpanie. MaKCHMajibiioe pauiHMHe 
MOkTjy HzipoM h nepH(}>epHeH ycTanoBJieno jina ojworo H3 BbiaejieiiHH ojiHBnna h cocTaBjiaeT 20.1 
moji. %. B riHKp froBbix ra66p o^oaepHTax (19-22 Mac. % MgO ) b BepxHCM n hh>khcm 
3hjioko nraKrax ojiHBHHbi iipaKTHHecKH Heionajibiibi. 

Pe3yjibTaibi zierajibHoio HiynennH Kpyimoro 3epna ojiHBnna or o;inoro Kpa« k jipyimiy 
Mepei ueHTp c maroM 100 mkm CBHzierejibCTByior o tom. hto KonueiiTpauHH NiO nanpaMyio 
KoppcanpycTc« coziepMcaHHeM (|)opcTepnTOBon cocTaBJunomcn b MHiiepajie (R 2 = 0.96), a MnO n 
CoO - c (|)aJUiHTOBOH (R 2 = 0.98 h 0.92 cooTBercTBeHHo). HoBe;ieiiHe Kajibiinn ne 33 bhcht ot 

KOHUeHTpaUHH TJiaBHblX 3JICMCHTOB H XapaKTCpH3yeTCH HHJIH(|)(|)CpCHrHbIM OTHOIIICHHCM k Fo (R 2 

= 0.0 I ) O/uiaKo 3epna ojiHBnna Moryr oGjiajiarb ne tojjbko c h m m erpn mho ii lonajibiiocibio, ho h 
HM eTb Gojiee cjio>Kiiyio (|>opMy. k<xk 3 to noxaiano na pnc. 3.13 npn ycjioBHH cpacTaima ojihbhiui c 
riJiarnoKJia30M. 

B CBH3H C H3JIO/KCHH bIM BblLlIC MaTepiiaJlOM CJlC^yCT OTMCTHTb, MTO HHTpy3HBbI 

nopnjibCKoro KOMiuiexca. OTHOcamnecfl k paHHerpnacoBon TpamiOBon (|)opMannn, xax h3bcctho, 
c(|)opMnpoBajincb b npnrioBepxiiocTHbix ycnoBHHX. 06 otom CBM^eTejibCTByiOT crpyKTypiio- 
TeKCTypnbie ocoochhocth nopoji. npncyTCTBHe HCKOToporo KOJinnecTBa CTeKjia b 
3hho KOHTaKTOBbix 3oiiax. najiHHHC CTeKJiOBaTbix bkjiiohchhh b paiiHHX ziHKBHZiycHbix MHiiepaziax - 
ojiHBHHe h impoKceHe. 0;maKo oGHapyweHHe b nopojiax MnKHaHiviHHCKoro MaccnBa 
yHHKajibHbix 3onajibiibix ojihbhhob (KpHBOJiyuKaa h jx p.. 20092) HBJiaeTCfl neoGbinnbiM ([jaKTOM. 

HHTp\'3HBHbIX 3CMHbIX nopOJl 3TO HBJieHHC BCTpCHaeTCfl ^OBOJIbHO pCJIKO, nOCKOJIbKy 
npoTexaiomHe npn cyocojinziycHbix TeMnepaTvpax ;iH(j)(j)y3HOHHbie npoueccbi, xax npaBHJio. 
HHBeJIHpyiOT B03HHKIIIHC npH OOpa30BaHHH MHHepaJIOB HCOJIHOpOJIHOCTH B HX COCTaBe. OjIHBHHbl 
C KOHTpaCTHOH npHMOH H OOpaTHOH 30Ha.lbHOCTblO OCOGeilHO XapaKTepiIbl JUIfl MapCHaHCKHX 
MeTeopHTOB (Connolly et al., 2006; Sarbadhikari et al., 2009). J\o HacToainero BpcMeHH b 3eMHbix 
nopoziax obuiH onncaHbi 3epHa ojihbhhob c 30HanbHbiM pacnpeziejieHHeM rjiaBHbix KOMnoHeHTOB 
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PhC. 3.10. flOBCACHHC HTTpna B OJlHBHHa.X B pa3HbIX ropH30HTaX MaCCHBa HopHJIbCK 1 
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Phc. 3.11. M3MeHeHHe MariieiHajibHocTH rmpoKcena (Mg#) b BepTHKaJibHOM pa3pe3e 
TajiHaxcKoro HHTpyuiBa (cjiCBa) h Koppo-i«nHH Ti02 c #Mg b pa3Hbix ropn30iiTax xiaccHBa 

(ycjioBHbie o6o3HaneHHH Ha pwc. 3.4) 
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Phc. 3.12. ^narpaMMa TiCh- Mg# nHpoKcenoB paiiibix MaccHBOB 
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Phc. 3.13. 3onajibHbic ojiHBHHbi MmcnaHraHHCKoro MaccHBa b xapaKTepHCTunecKOM 
n3Jiy i icHHn (mhkpoioh^ Camcca SX 100): Si Ka, Mg Ka, Fe Mg Ka, Mn Ka 


(Fc h Mg)c rpaaneHTOM no Fo 8-10 moji. %. (Kamenetsky et al.. 2008). rioaTOMy naxo^Ka b 
M arMaTHMecKHX riopo/tax HopnabCKoro pafiona 3onajibnbix ojihbhhob. b Koropbix pa3Hnua MOKjty 
neurpoM n nepH(|)epnen 3epeH cocTaBJiaeT oonee 20 moji. % Fo. - abjichhc ynnKajibnoe hc tojibko 
juih aamioro pernoHa, ho h a jih apyrnx yjibTpa6a3Hr-6a3HTOBbix KOMnjieKCOB \inpa. 

PlaSjnoaaeMafl KOHTpacTHaa 3onajibnocTb b ojiHBHiiax. nHpoKcenax n njiarnoKiiaiax 
MaccHBa c b nacTe ji bCTByeT o tom, hto cKopocTb ocTbiBaHna nopoa cHJibHO ripeBbimajia cxopocTb 
ocTbiBaHHfl apyrnx hhtpv 3 hbob 3Toro KOMnjieKca, pacnpocTpaHeHHbix b apyrnx nacTnx panoHa. 
Moxcho npe^nojio>KHTb, hto 3 to 6biJio oSycjiOBjieHO HecKOJibKHMH (|)aicropaMH. Bo-nepBbix, 
BbicoKon CKopocTH ocTbiBaHHH MaccHBa cnocoScTBOBaao cTpyKTypHoe nojioaceHne H3yneHHbix 
raoopo-aoaepnTOB. a hmchho hx jioKajiH3aunfl b ceBepHOM nepHKjiHHajibHOM o6paMJieHHH 
)KecTKoro XaHTancKo-PbiOHHHCKoro Bajia. rae nponexoanao cTpeMHTejibHoe BHeapeHne MarMbi no 
CHcreMe BepTHKajibHbix TpeutHH n ee npwMOBepxHOCTHoe ocTbiBanne. Mbi He HMeeM tohhhx 
CB ezteiiHH o Mop<J)OJiornn MaccHBa. ozmaKo ero MomnocTb He Moma npeBbiuiaTb 100 m, a. 
bo 3 mo>kho, 6buia cymecTBeHHO MeHbuie 3a cneT HaKjioHHoro 3ajieraHna HHTpv3HBa. Bo-BTopbix, 



AonojiHHrejibHbiM (J)aKxopoM 6bicTporo oxaaacaeHna raoopoHaoB hbhjioci. BueapeiiHe pacruiaBa b 
HenporpeTbie BMemaiomne riopoabi. nocKOJibKy aroi 6jiok He 6bui HacbimeH MHoroHHCJieHHbiMH 
HHTpyjHBHbiMH TejiaMH HopHjibCKoro KOMnaexca, KaK 3to HMejio MecTO b XapaejiaxcKOH hjih 
HopnjibCKOH Myabaax, rae aoKaansoBaiibi KpynHbie m ecTOpo acae hh a. B TpeTbHX, (j)opMnpoBanHe 
nHTpy3HBa npoHCxoanao b npeaeaax KpynHOH naaeoaHTHKaHHaabHon crpyKTypbi - XaHTaficKo- 
PbiSiiHHCKoro Baaa, rae nopoabi Tycjjo-aaBOBon to;iihh aH6o 6biaH MaaoMomubie, an6o 
oxcyrcTBOBajiH BOoSme. TaKHM oopaBOM. o6pa30BaHne hh rpy3HBa. BCKpbiToro ckb. MB-48. 
npoH3omao 6aH3Ko k naaeoaeHyaaunoHHOH noBepxHocTH. Meacay TeM, cTaHOBaeHHe MaccHBOB 
BHyTpH IIopwabCKOH \iyababi ocymecTBaaaocb ywe bo Bpesia (nan cpa3y >kc nocae) o6pa30BaHna 
6a3ajibiOB. 

YKa3aHHoe coneTaHHe reoaorHaecKHX (|)aKTopoB npHBeao k rioaBaeHHio yHHKaabHbix 
30Haabiibix oaHBHiioB b yabrpa6a3HT-6a3HTOBOM Hnrpy3HBe panoiia. Ooiiapy/KeiiHe He30HaabHbix 
Haw oHciib caa6o 30naabHbix KpncTaaaoB oaiiBima b nHKpHTOBbix raSopo-aoaepHTax o6tacnaeTca 
ripncyTCTBHeM neKOToporo KoaHHecTBa HHrpareaaypHMecKOH (]>a3bi b pacriaaBe npw ero 
BHeapcHHH b Ka\icpy KpHCTaaaH3aunn - oaHBHHa h. bo3.mo>kho. naarHOKaaja. FImchho 
aaHreabnocTb naxoacaenHa nacTH KpncraaaoB b MarMe, oopasoBaBiimxca no Mepe ee 
npoaBn>KeHHa k noBepxHocTH, cnocoocTBOBaaa nepeypaBHOBeiHHBanHio BiiyrpeiiHHX h bhciuhhx 
HacTefi KpHCTaaaoB h o6pa30BaHHK> roMoreHHbix 3epeH. 

B ueaoM >kc cocTaB oaHBHHa aaKOHOMepHO Meiiaerca no pa3pe3y MmoiaiiraHiicKoro 
MaccHBa h xopoujo coraacyeTca c cocTaBOM nopoa: HaHOoaee MarHe3naabHbie 3epHa ycTaHOBaenbi 
b hh>khhx h BepxiiHx iiHKpHroBbix ra66po-aoaepnrax. b xoropbix MoabHaa aojia (|)opcrepHTOBOH 
cocTaBaaiomeH aocTHraeT 82.8 Moa. %, a caMbie a<eae3HCTbie - b BepxneH Macrw 
oaHBHiicoaepacaiHHX ra66po-aoaepHTOB (51.0 Moa. % Fo). CoaepwaHna NiO b oanBHiiax 
6e3pyaHbix nopoa nocTeneHHo B03pacT3K)T ot 0.05 Mac. % ao 0.18 Mac. % c yBeaHaeHHCM 
MarHe3najibHOCTn MHHepana. a b hhwhch nacTH MaccHBa. rae rioaBaaeTca cyab(|>naHaa 
BKpanaeiinocTb. naoaioaaeTca o6paT»aa KapTHHa - ycTanaBanBaerca 3aKonoMepnoe BOipacTanne 
KonneurpauHH HHKejia c poctom >Keae3HCTOCTH oaHBHna. B pejyabTare na awarpaMMe NiO-Fo 
mo>kho BnaeTb 2 npoTHBonoao>KHO HanpaBaeHHbix TpeHaa (pwc. 3.14). OOorameuHe nnxeaeM 
OJiHBHna iiH/KHHX ropH30HTOB. BepoaiHO. aBaaeTca pe3yabraroM aanreabnoio paBHOBecHa 
MHHepaaa c cyab(J)HaHbiM pacnaaBOM, ripn kotopom nponcxoaHT nepepacnpeaeaeHne HHKeaa H3 
cyab(j)Hanoro pacnaaBa b Mnnepaa. AnaaorHHuaa TenaenuHa naoaioaaeTca h aaa apyrwx 
pyaoHocHbix MaccHBOB FIopnabCKoro panona. CaeayeT noaaepKHVTb. hto b bcpxhhx nHKpHTOBbix 
ropn30HTax Taxon TeHaeminn He HaoafoaaeTca. aaa oaHBHHOB H3 3Toro ropH30HTa xapaxiepeH 
cboh coGcTBemibiH xpena. HecMOTpa na bbicokyio Marne3HaabHOCTb, ohh aBaaiOTca aoBoabno 



HH3K0HHKejieBbiMH no cpaBneiiHio jx aace c anajio thhhwmh ojihbhh 3 mh hb ojihbhhobbix ra66po- 
^OJiepHTOB. 

KoHueHTpauHH Kajibuna CHjibHO BapbupyioT b H3yneHHbix ojiHBHHax (ot 0.08 ,ao 0.42 
Mac.%,) h hc o6Hapy>KHBaK)T KoppejiflUHH c maBHbiMH aneMemraMH. BnojiHe bo 3 mo>kho, hto oto 
oGbacHaerca TeM, hto npoHexoflHT ero nepepacnpeiiejieHHe c OKpyacaiomHM ero 
KJiHHonHpoKceHOM. CoaepacaHHa MapraHua noKa3biBaioT npaMyio nponopuHOHajibnyio 
3aBHCHMOCTb OT COfleptfCaHHH >KeJie3a B OJIHBHHe. 
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Phc. 3.14. /JnarpaMMa NiO - Fo /ina ojihbhhob MmcHaHraHHCKoro MaccHBa 

rijiarHOKjia 3 b npeoo-ia^ajomcM Tune paccMOTpeHHbix nopo,T aBjiacTca caMofi panHCH 
JlHKBHiiyCHOH (|)a30H (eZIHHCTBeHHOH, HJ1H VCTaHaBJIHBaeTCa ero KOTeKTHHeCKaa KpHCTanJlH3aLlHH c 
OJIHBHHOM). no BHVTpeHHeMy CTpOCHHK) HaOJHO^aeTCa ero CXO^CTBO C OJIHBHHOM! B nHKpHTOBbIX 
ra66po-.no JiepHTax oh npencTaBjien KpynHbiMH Ta6jiHTHaTbiMH roMoreHHbiMH KpHCTajuraM h, a b 
OJIHBHHOBbIX H OJIHBHHCO^ep>KaHlHX pa3HOBH,THOCTaX - 30HaJIbHbIMH JICHCTOBH^HblMH 
KpHCTajuiaM h . CocTaB ero TaioKe MeHaeTca, KaK h cocraB ojiHBHHa: b iiHKpHTOBbix ra66po- 
HonepHTax aHopTHTOBaa cocTaB.iaioiuaa paBHa 78-8 0 moji. %, b to Bp isca Kax b 
ojiHBHnco.aep}KamHx pa3HOBHnHocTax nopon pa3HHixa Meacny uempoM h nepmjjepneH 3epna 
MoaceT cocTaBjiaTb 22 -24 h nance 30 HOMepoB. 








riHpoKceH ycTaHOBJieH b nopoaax b BH,ae aByx paBHOBHAHoexeH - mohoxjihhhoi-o h 
poMOHHecKoro. riepBbiH cymecTBeHHO joMHiinpyeT b nopoaax h oopa3yeT noHXHJiHTOBbie 3epHa, b 
KOT opbie HacTO BKjnoMenbi KpHCTajiJibi nnarnox.iaja h/ hjih ojihbhh 3. CocTaB ero 3axoHOMepHO 
MenaeTca no pa3pe3y HHTpy3HBa, npnneM Hanoojiee MarnennajibHbie 3epHa ycran a b a h Ba iotc a b 
nHKpnTOBbix ra66po-AOJiepTax. npn 3 tom hx Mg#=80 paBHa MarHe3HanbHocra ojiHBHHa b sthx 
nopoaax. Ho b nenoM Marae3HajibHOCTb nnpoKcena b nopoaax MaccHBa (b oaHBHiiOBbix n 
ojiHBHHCoaepwaniHX raoopo-aoaepHTax) Bbime. ne.M TaxoBaa ojihbhhob. iinpoxceHOB, xax n 
ana ojihbhhob. Taioxe THnHHHa KOHTpacTHaa 30HajibH0CTb, npH KOTopoH xpaeBbie nacTH 3epen 
OTJIHHaiOTCH OT UCHTpajIbHblX no MarHC3HajlbHOCTH Ha 16 e^HHHU. TjiaBHblMH npHMCCHbIMH 
aaeMemaMH b KjiHHOimpoKceHax aBjiaiorca rnraH h xpoM. Coaep/Kanna TiOi aocrmaioi 1.68 
Mac. %, a Cr20.i - 0.63 Mac. %. OpToiiHpoKceH BCTpenaeTca name Bcero b bhjic xafiM Boxpyr 
ojiHBHHa, ero Manie3Hajibnocxb cymecTBeHHO HH>Ke, weM Marne3HajibnocTb xaHHOiinpoxcena, 
MaxcHMajibnoe ee 3Ha i icHHa cocTaBaaeT 62.72 b MHHepaae H3 oaHBHHOBbix raGGpoaoaepnTOB, a b 
iiHKpHTOBbix paiHOBHjiHOCTax Mg # = 76-77. Cpe.iH BTopocTenenHbix MnnepaJioB b nopoaax, 
ocoGchho b Han6ojiee MarHC3HajibHbix hx pa3HOBHaHOCTax, npHcyTCTByeT xpoMMamcTHT h 
HJI bMeHHT. 

3.2. rcoxiiMiiMecaii i min tauiui mirpy iiibiimx iiopo.i 

rcoxHMHnecKHC ocoSchhocth nopoa 6buiH H3y i ieHbi aaa y;ibTpa6a3HT-6a3HTOBbix nopoa 
HopMajibHOH menoHHOCTH, T.e. xpex xoMnaexcoB - omcpcxoro. Hopnjibcxoro (c noanarriaMH), 
aaaabixaHcxoro h paaa MaccHBOB HeH3BecTHOH (jiopManHOHHOH npHHaaae>XHOCTH (Ta6ji.3.1), 
Hcxjiionaa epraaaxcxnn H3-3a ero cyGuieaoHiioro cocTaBa. ne rpeoyiomero aonoaiiHreabnoH 
jiHarnocTHXH. Bojibinoe bi i h m ai i hc npn 3 tom 6buio yaeaeno Hapaay c H3BecTHbiMH 
MecTopo>KjieiiHaMH (Tajmax. Xapaenax. Hopiuibcxl) MaaoHivneniibiM panee hjih BooGme lie 
ocBemeiiiibiM b jiHTcparype MaccHBaM MopHjibcxoH Myababi h MHX i ianr,XHHcxoH rinomaan, 
xoropbie iipejicraB.iaiorca nanoonee nepcnexxHBHbiMH b OTHOinenHH oonapyjxenHa opyaeiieiiHa. a 
Taxace MaccHBaM BoaoroHaiicxon Myababi. Bee HCcaeaoBamibie MaccHBbi nepeHHCJieiibi b 
raGjiHue 3.1 c yxajanneM cxBaacnn. no xoxopbiM GbiJiH BbinojineHbi aiiajiHTHHecxHe paGoibi, hjih 
HOM epoB Tonex HaGnioaeHHa no xopeHHbiM ooHajxeHHaM. HanpHMep. OB-36 - HOMepa cxBawHH, 
no xoropbiM H3yneHbi cooTBeTCTByiomne MaccHBbi (ecjiH b cxBaa<HHe Bcxpbir ne ojihh HnxpyjHB. 
to yxa3aHa niyGHHa ero nepecenenna b MeTpax - M/I-50/1000). xop. oGh. - o6pa3Ubi OToGpaHbi 
H3 xopemibix o6iia>xeiiHH (t.ii. - cooTBeTCTByeT Tonxa naGiiioaenun na 1:50000 xapxe (jiaxiMaxa 
MnxHaHraHHCxoH naomaan, MHxaHJioB h ap., 2003(j)) h.xh pyaHHxa «MeaBe>XHH pyneH» (p-x 
MP, M)KK - MeacxapbepHoe npocTpaHCTBo). OcHOBHaa nacTb aHaaH30B aaHa b npnaoaceHHH 2, 
naci b aamibix ana pa3Hbix THnoB MaccHBOB npniseaena b TaGjiHnax 3.2 -3.5. 



FT pH paccMOTpeHHH 6a3HT-yjibipa6a3HTOBbix nopo^ pa3JiHMHbix KOMiuieKcoB oGpamaex Ha 
ce6» BHHMaHHe o.iHiocTb neTpoxHMHHecKHx xapaicrepHCTHK Bcex H 3 yneHHbix \iaccHBOB. Ha cepnn 
ZinarpaMM Xapxepa (pwc.3.15) OTHeTJiHBO bhaho, hto BapwauHn rjiaBHbix KOMnonenroB onenb 
BejiHKH, hto Hanooaee thhhhho mn ;m(j)(J)epeHmipoBaHHbix MaccHBOB HopHJibCKoro KOMiuieKca, b 
HaCTHOCTH, OTHOCHMbIX K HOpHJlbCKOVlV THny (.MaCCHBbl nepBOH rpynnbl - C yHHKaJIbHbIMH 
pyaaMn). BapwauMH maBHbix KOMiioneinoB b cjiaraiomHx hx nopojiax OTMenaiOTCa b cjieayiomux 
npeziejiax (%): Si02 - 40-55, MgO = TiO: -0.2 -2.9 , FeO - Na:0. CocraBbi nopo jx HHTpy3HBHbix 
KOMiuieKcoB (BKjiioHaa ^ajizibiKancKHH h oroHepCKHH) >K;ia;ibiBaioTCfl b eziHHbiH TpeiiA b 
Koop,aHHaTax MgO - Ti02 . FeO, Si02 h jip. JXjih npHMepa npHBeiieHbi ^bc flnarpaMMbi (puc. 3.15), 
orpawaioniHe BapnanHH KpeMHHH (pnc. 3.15 A) h THTaHa (pwc. 3.15B). Oahhm H 3 naH6ojiee 

HH(|)OpMaTHBHbIX OJieiVieHTOB HBJIflCTCH THT3H, HO IIOBbUIICHHOMy CO;iep>KaHHK) KOTOporO, B 
HaCTHOCTH, BbUieJIHIOTCH OTHeTJiHBO 
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TaSjiHua 3.2. CocraB nopoA hhtpv3hbob Hopn;ibCKoro KOMiuieicca c SoratbiMH 


pyziaMH 


As nn 

1 

2 

3 

n 

5 

6 

II 

12 

13 

14 

15 

16 

.N”o6p. 

462 

r 463.6 

^ 466.4 

469.7 

r 471.6 

F 474.7 

1240 

F 1272.8 

1287 

F 1311.8 

F 1316.4 

1329 

Si0 2 

48.23 

41.8 

39.07 

42.6 

42.7 

50.33 

46.53 

47.81 

49.06 

49.15 

48.23 

42.25 

Ti0 2 

1.11 

0.89 

0.90 

0.48 

0.46 

0.95 

0.53 

0.89 

0.86 

1.05 

0.89 

0.40 

ai 2 o 3 

15.36 

12.06 

13.89 

12.55 

16.28 

16.84 

22.08 

16.66 

18.79 

17.66 

18.56 

0 

FeO 

10.77 

14.09 

13.71 

14.39 

12.89 

8.86 

6.12 

9.52 

8.53 

10.53 

10.21 

0 

MnO 

0.17 

0.13 

0.08 

0.18 

0.16 

0.16 

0.14 

0.17 

0.16 

0.17 

0.17 

0.00 

MgO 

9.08 

17.2 

14.74 

16.28 

13.07 

6.07 

3.67 

8.28 

6.65 

7.67 

8.22 

24.1 

CaO 

10.35 

5.95 

6.83 

7.6 

9.21 

9.98 

14.37 

13.10 

12.48 

9.65 

9.81 

8.04 

Na 2 0 

1.98 

0.74 

0.9 

0.78 

1.05 

2.67 

2.62 

1.76 

2.12 

1.32 

1.54 

0.6 

k 2 o 

0.41 

0.31 

0.37 

0.17 

0.29 

1.66 

0.33 

0.37 

0.29 

0.56 

0.46 

0 

P2O5 

0.12 

0.12 

0.10 

0.06 

0.06 

0.28 

0.05 

0.12 

0.07 

0.1 

0.12 

0 

min 

0.12 

0.33 

0.93 

1.7 

1.05 

0.15 

4.56 

0.56 

1.04 

1.81 

1 

0 

Sc 

21.73 

8.45 

6.37 

8.46 

8.95 

17.63 

14.8 

37.7 

37.0 

22.3 

19.0 

22.4 

Ti 

5131 

4318 

3610 

2717 

3146 

4321 

2825 

4755 

4785 

5885 

4830 

2515 

V 

213 

389 

394 

122 

142 

116 

104 

189 

191 

216 

171 

148 

Cr 

568 

28900 

23061 

473 

247 

162 

171 

704 

529 

188 

221 

3340 

Co 

51 

114 

132 

156 

114 

38 

27 

51 

45 

53 

55 

257 

Ni 

253 

1245 

1516 

1577 

1445 

427 

229 

254 

183 

261 

265 

10681 

Cu 

% 

786 

1867 

3986 

2833 

140 

708 

2120 

334 

273 

363 

20600 

Rb 

11.8 

11.4 

12.0 

6.1 

9.7 

37.2 

16.7 

9.3 

12.7 

17.6 

16.3 

5.5 

Sr 

190 

120 

135 

148 

177 

350 

127.4 

251.8 

325.4 

255.3 

252.4 

90.4 

Y 

17.9 

11.9 

10.9 

8.6 

9.5 

20.1 

12.1 

19.9 

19.3 

20.5 

20.1 

15.8 

Zr 

71.3 

56.1 

47.6 

33.1 

34.5 

140.9 

40.6 

62.6 

62.0 

72.0 

71.5 

48.6 


3.48 

2.95 

2.43 

1.64 

1.88 

9.16 

2.91 

4.25 

4.21 

4.61 

4.71 

5.15 


0.652 

0.956 

0.607 

0.120 

0.435 

0.767 

0.29 

0.67 

0.60 

0.63 

0.85 

0.53 


133 

118 

107 

206 

78 

394 

72 

89 

152 

142 

130 

60 

La 

6.78 

5.79 

5.24 

2.95 

3.65 

18.73 

4.60 

5.41 

5.75 

7.04 

7.84 

5.33 

Ce 

15.7 

13.1 

12.0 

6.9 

8.3 

40.6 

10.9 

12.9 

13.6 

16.6 

18.0 

12.5 

Pr 

2.16 

1.72 

1.54 

0.95 

1.13 

5.10 

1.43 

1.72 

1.79 

2.15 

2.28 

1.64 

Nd 

10.0 

7.5 

7.2 

4.4 

5.2 

21.2 

6.32 

8.27 

8.19 

9.83 

9.95 

7.55 

Sm 

2.73 

2.02 

1.80 

1.29 

1.45 

4.50 

1.52 

2.27 

2.23 

2.56 

2.48 

1.91 

Fu 

0.91 

0.63 

0.56 

0.51 

0.60 

1.51 

0.76 

0.81 

0.81 

0.88 

0.87 

0.51 

Gd 

3.18 

2.16 

2.03 

1.56 

1.67 

4.50 

1.64 

2.61 

2.55 

2.98 

2.74 

2.21 

Tb 

0.56 

0.38 

0.34 

0.26 

0.31 

0.69 

0.28 

0.46 

0.45 

0.50 

0.47 

0.36 

Dy 

3.53 

2.42 

2.20 

1.73 

1.93 

4.09 

1.86 

3.09 

2.99 

3.43 

3.04 

2.45 

Mo 

0.78 

0.50 

0.46 

0.38 

0.43 

0.83 

0.41 

0.70 

0.68 

0.80 

0.71 

0.56 

Er 

2.11 

1.38 

1.34 

1.07 

1.20 

2.17 

1.11 

1.80 

1.79 

2.10 

1.88 

1.47 

Tm 

0.33 

0.22 

0.20 

0.16 

0.18 

0.31 

0.16 

0.27 

0.26 

0.31 

0.28 

0.21 

Yb 

1.98 

1.34 

1.21 

1.06 

1.15 

1.93 

1.03 

1.72 

1.68 

2.02 

1.76 

1.33 

Lu 

0.30 

0.21 

0.19 

0.16 

0.18 

0.30 

0.16 

0.25 

0.25 

0.30 

0.27 

0.20 

Hf 

2.00 

1.53 

1.33 

0.97 

1.02 

3.33 

1.01 

1.67 

1.59 

1.96 

1.85 

1.24 

Ta 

0.24 

0.20 

0.20 

0.13 

0.13 

0.56 

1.46 


0.64 

0.63 

0.46 

0.96 

Pb 

h/o 

h/o 

H/'O 

h/o 

h/o 

h/o 

45.3 

31.7 

31.4 

33.1 

32.0 

68.7 

Th 

1.36 

1.40 

1.18 

0.90 

0.89 

2.36 

0.71 

0.85 

1.00 

1.19 

1.28 

0.79 

11 

n 7* 

O 

n *)o 

n 10 

n *>n 

n 0 

n 

n ^ 

ndn 

n 

HdR 

n ^1 











OKOHnaHHe raGjiHUbi 


JVy mi 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

H'l oop. 

1333.6 

F 1353.7 

1357 

r 1360.3 

r 1085.6 

r 1130.3 

r 1181.6 

1200 

r 1216.3 

F 1221.2 

1230 

es 

39.9 

49.3 

47.6 

49.1 

50.25 

47.21 

46.79 

46.69 

36.16 

32.97 

43.34 

1 WM 

0.49 

1.08 

1.36 

2.00 

1.37 

1.47 

0.71 

0.72 

0.82 

0.36 

0.54 

> 

c , 

w 

7.56 

15.6 

14.78 

14.58 

14.66 

13.45 

17.32 

17.32 

9.32 

6.97 

14.01 

FeO 

18.17 

11.28 

13.48 

17.84 

11.7 

13.96 

8.8 

9.56 

18.15 

21.55 

6.75 

MnO 

0.23 

0.22 

0.23 

0.18 

0.24 

0.24 

0.15 

0.16 

0.29 

0.23 

0.15 

MgO 

22.72 

8.04 

6.65 

3.% 

6.4 

6.28 

8.86 

10.05 

15.33 

17.89 

6.64 

CaO 

5.16 

9.92 

10.12 

7.06 

10.82 

10.1 

10.98 

10.84 

6.63 

4.17 

9.22 

Na 2 0 

0.64 

2.22 

3 

2.13 

2.83 

2.32 

1.98 

1.81 

1. 1 

0.93 

1.94 

K 2 0 

0.15 

0.46 

0.69 

0.61 

1.25 

0.83 

0.49 

0.46 

0.24 

0.32 

0.79 

P2O5 

0.12 

0.2 

0.11 

0.09 

0.113 

0.25 

0.14 

0.15 

0.104 

0.036 

0.14 

linn 

3.83 

1.51 

1.34 

3.22 

1.67 

0.9 

0.14 

0.19 

4.38 

6.32 

2.01 

Sc 

20.4 

30.9 

34.8 

22.9 

40.0 

44.1 

26.4 

23.4 

20.0 

10.1 

23.3 

Ti 

2515 

4385 

7130 

10525 

7850 

8832 

4807 

4562 

4868 

2198 

2735 

V 

127 

178 

263 

363 

301 

345 

182 

178 

201 

87 

1% 

Cr 

2700 

254 

152 

68 

284 

26 

380 

938 

6814 

484 

294 

Co 

186 

143 

108 

85 

43 

49 

47 

52 

241 

303 

208 

Ni 

4070 

3510 

2409 

1966 

93 

56 

254 

287 

6450 

8706 

7097 

Cu 

5060 

4720 

3320 

7350 

59 

158 

134 

91 

7774 

10599 

12086 

Rb 

5.3 

15.6 

23.1 

20.5 

40.8 

23.4 

14.7 

3.4 

9.6 

12.7 

6.4 

Sr 

88.1 

268.9 

236.2 

195.2 

411.1 

250.3 

267.7 

230.3 

134.3 

92.8 

275.2 

Y 

13.5 

25.5 

23.9 

29.1 

28.3 

30.1 

17.0 

14.5 

30.8 

7.7 

16.1 

Zr 

41.5 

81.8 

71.8 

146.9 

92.5 

98.8 

61.0 

58.8 

74.8 

27.4 

46.4 

Nb 

2.75 

3.99 

4.11 

5.47 

4.70 

4.94 

2.78 

2.85 

3.42 

1.54 

2.20 

Cs 

0.68 

0.70 

0.75 

0.86 

0.83 

0.84 

0.74 

0.47 

0.80 

1.00 

0.38 

Ba 

48 

128 

135 

99 

505 

219 

154 

130 

121 

84 

170 

La 

3.60 

7.22 

6.83 

10.50 

8.91 

9.87 

5.41 

4.87 

170.87 

2.75 

20.09 

Cc 

8.5 

16.9 

16.5 

22.9 

20.7 

22.7 

12.7 

11.9 

308.5 

6.3 

31.8 

Pr 

1.12 

2.19 

2.33 

3.07 

2.80 

3.05 

1.74 

1.60 

31.93 

0.81 

5.97 

Nd 

5.27 

10.28 

11.07 

13.65 

12.71 

13.92 

7.92 

7.29 

96.16 

3.58 

22.04 

Sm 

1.42 

2.74 

3.01 

3.52 

3.48 

3.74 

2.12 

1.95 

11.88 

0.95 

3.01 

Ell 

0.44 

1.00 

1.05 

1.34 

1.18 

1.41 

0.80 

0.75 

2.63 

0.36 

1.13 

Gd 

1.70 

3.15 

3.35 

3.90 

4.10 

4.48 

2.53 

2.29 

6.92 

1.14 

2.38 

Tb 

0.30 

0.56 

0.57 

0.66 

0.70 

0.76 

0.44 

0.39 

0.90 

0.19 

0.39 

Dv 

2.01 

3.78 

3.86 

4.42 

4.56 

5.01 

2.85 

2.61 

4.71 

1.23 

2.38 

llo 

0.46 

0.87 

0.85 

1.02 

0.98 

1.07 

0.62 

0.55 

0.91 

0.26 

0.48 

Er 

1.26 

2.35 

2.26 

2.84 

2.76 

3.02 

1.73 

1.56 

2.45 

0.74 

1.33 

Trn 

0.19 

0.35 

0.34 

0.43 

0.41 

0.46 

0.26 

0.24 

0.34 

0.11 

0.20 

Yb 

1.21 

2.20 

2.16 

2.84 

2.60 

2.85 

1.63 

1.52 

2.00 

0.74 

1.29 

Lu 

0.19 

0.34 

0.32 

0.43 

0.40 

0.44 

0.25 

0.23 

0.29 

0.11 

0.19 

Ilf 

1.10 

2.14 

1.93 

3.69 

2.41 

2.71 

1.70 

1.61 

2.11 

0.72 

1.32 

Ta 

0.15 

0.39 

0.57 

0.60 

0.33 

0.35 

0.21 

0.22 

0.27 

0.10 

0.16 

Pb 

33.4 

21.3 

25.7 

27.2 

2.8 

1.1 

2.2 

4.8 

147.6 

12.5 

15.3 

Th 

0.64 

1.14 

1.28 

3.22 

1.25 

1.36 

0.82 

0.69 

1.02 

0.32 

4.82 

U 

0.24 

0.45 

0.45 

0.94 

0.56 

0.58 

0.37 

0.35 

0.47 

0.16 

0.52 


flpHMeHaHHH: 1. NaNs nn 1-6 - HHTpyanB HopHJibCK 1 (Mb o6p. - rayGnHa no ckb. MH- 


7), 11-20 - Xapae;iaxcKHH hhtp>'3hb (M»o6p. - nryGnHa no ckb. Tr-21); 21-27 - 
TajiHaxcKHH HHTpy3HB (Ms o6p. - rnyonna no ckb. OYr-2); h/o -aneMeHT He 
onpeaejisnca; 3/iecb n b raoji. 3-7 coaepyKanna okhchob - b Mac. %, ojieMeirroB - b iVt, 

i N li I rrA'mtMi nnnAKormnoTuiTi 








TaSjinua 3.3 .CocxaB nopo.x HopnabCKoro KOMnjieKca. C'pe.uiHe h MejiKne MecTopo>K,xeiiH>i 


JNy nn 

1 

2 

3 

EH 

5 

6 

7 

8 

9 

m 

116.5 

112.7 

197.6 

202.4 

121.4 

103.6 

126.8 

129.3 

H II-I 

Si0 2 

49.36 

49.22 

47.40 

48.00 

49.09 

49.28 



45.31 

Ti0 2 

0.53 

0.57 

0.59 

0.69 

0.57 

0.63 

0.71 

0.82 

0.80 

AI 2 Oj 

19.04 

19.08 

19.97 

20.79 

19.75 

16.59 

14.25 

13.24 

16.81 

FeO 

7.21 

7.40 

9.00 

8.19 

7.26 

8.63 



II.II 

MnO 

0.12 

0.18 

0.19 

0.16 

0.18 

0.18 



0.17 

MgO 

7.75 

7.60 

9.11 

7.79 

7.50 

8.68 



6.84 

CaO 

13.94 

14.11 

11.50 

12.34 

14.01 

14.12 



12.88 

Na20 

1.72 

1.79 

1.83 

1.78 

1.67 

1.56 



1.91 

K20 

0.44 

0.40 

0.53 

0.49 

0.30 

0.41 

0.3 

0.2 

0.43 

P2O5 

0.06 

0.06 

0.06 

0.09 

0.07 

0.06 



0.10 

nnn 

0.77 

0.79 

1.12 

0.66 

0.87 

0.92 



1.76 

CyMMa 

100.93 

101.19 

101.30 

100.98 

101.27 

101.06 



98.11 

Rb 

11.09 

8.15 

11.88 

10.69 

6.88 

8.62 

1.23 

0.96 

11.3 

Ba 

116 

126 

128 

163 

80 

144 

96 

57 

159 

Th 

0.47 

0.48 

0.46 

0.78 

0.52 

0.42 

0.66 

0.50 

1.43 

U 

0.19 

0.20 

0.17 

0.31 

0.21 

0.17 

0.38 

0.28 

0.39 

Nb 

1.80 

1.88 

1.87 

3.01 

1.94 

1.99 

3.00 

2.18 

4.03 

Ta 

0.11 

0.12 

0.12 

0.18 

0.11 

0.12 

0.22 

0.17 

0.32 

La 

3.59 

4.78 

4.03 

6.90 

3.32 

3.54 

5.34 

3.89 

6.87 

Ce 

8.12 

9.64 

8.80 

14.36 

7.84 

8.45 

12.92 

9.18 

15.9 

Pb 

1.80 

2.98 

1.97 

2.51 

3.06 

3.88 

34.82 

34.49 

h/o 

Pr 

1.13 

1.22 

1.19 

1.79 

1.09 

1.18 

1.72 

1.28 

2.12 

Sr 

294 

342 

317 

405 

257 

312 

255 

219 

195 

Nd 

5.40 

5.50 

5.60 

8.00 

5.07 

5.71 

8.06 

5.99 

9.7 

Sm 

1.52 

1.52 

1.56 

2.07 

1.41 

1.64 

2.17 

1.65 

2.59 

Zr 

36.8 

37.1 

30.5 

58.0 

36.5 

32.4 

61.0 

45.7 

72.1 

Hf 

0.97 

1.05 

0.87 

1.55 

0.94 

0.86 

1.61 

1.22 

2.01 

Eu 

0.59 

0.63 

0.64 

0.74 

0.60 

0.63 

0.88 

0.65 

0.91 

Ti 

3250 

3468 

3571 

4117 

3433 

3740 

4404 

3644 

4058 

Gd 

1.88 

1.93 

1.89 

2.44 

1.68 

1.96 

2.65 

1.94 

2.97 

Tb 

0.31 

0.33 

0.32 

0.41 

0.28 

0.35 

0.45 

0.33 

0.53 

Dy 

2.09 

2.15 

2.15 

2.66 

1.95 

2.31 

2.88 

2.20 

3.25 

Ho 

0.43 

0.45 

0.42 

0.54 

0.40 

0.46 

0.62 

0.47 

0.70 

Y 

11.6 

11.9 

11.6 

14.7 

10.8 

12.4 

16.2 

12.8 

16.1 

Er 

1.25 

1.24 

1.28 

1.57 

1.17 

1.28 

1.74 

1.32 

1.99 

Tin 

0.18 

0.18 

0.18 

0.22 

0.15 

0.19 

0.26 

0.20 

0.29 

Yb 

1.23 

1.22 

1.23 

1.51 

1.14 

1.23 

1.65 

1.26 

1.86 

Lu 

0.17 

0.19 

0.18 

0.22 

0.17 

0.19 

0.24 

0.19 

0.28 

V 

182 

186 

165 

171 

182 

234 

169 

141 

157 

Co 

37.6 

36.7 

51.1 

43.5 

38.7 

43.8 

38.5 

67.4 

100 

Ni 

128 

119 

245 

191 

156 

169 

216 

944 

1537 

Cu 

95 

112 

92 

172 

126 

142 

193 

1057 

1588 


npwvieHaHH5i: N 1-6 - MepHoropcKHH \iaccHB (ckb. H-55), 7-9 -HopwibCK 2 (7-8 - ckb. MH-18), 9 - 


KopeHHoe o6Ha)KeHHe. 











Ta6jiHna 3.4. CocraB nopoa Hopn:ibCKoro Ko.vtnjieKca (caaoo opyaeHeabie h oespyaiibix 
HHTpy3HBbl). 


N" nn 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

o6p. 

■ 

905 

980 

991.6 

1005 

1044 

1070.2 

1093.5 

1096.5 

1169.9 

1189 

1216.4 

SiO, 

■c 

48.58 

48.12 

47.06 

48.4 

48.38 

48.37 

44.47 

44.7 

48.78 

47.89 

47.69 

TiCK 

1.09 

1.19 

1.02 

1.08 

0.91 

1.08 

0.67 

0.58 

1.06 

0.96 

1.15 

AljQ, 

15.22 

14.38 

14.73 

14.97 

15.15 

14.61 

14.12 

13.68 

15.41 

15.7 

14.93 

FeO 

11.11 

11.03 

10.59 

10.92 

9.85 

11.32 

10.19 

11.04 

10.35 

10.16 

11.2 

MnO 

0.17 

0.19 

0.22 

0.20 

0.15 

0.18 

0.16 

0.19 

0.16 

0.18 

0.19 

MgO 

8.59 

8.35 

8.31 

8.7 

9.17 

9.6 

13.56 

14.52 

8.28 

8.71 

7.95 

CaO 

10.09 

10.57 

12.18 

10.76 

11.46 

10.61 

9.44 

7.62 

8.16 

12.09 

11.18 

Na20 

2.03 

2.13 

2.12 

1.43 

2.53 

1.66 

1.04 

1.13 

1.95 

2.05 

1.82 

K20 

1.28 

0.76 

0.53 

1.29 

0.52 

0.53 

0.61 

0.52 

2.71 

0.55 

0.91 

P205 

0.12 

0.14 

0.12 

0.12 

0.08 

0.12 

0.11 

0.08 

0.12 

0.11 

0.13 

nnn 

1.86 

2.52 

2.98 

2.04 

1.73 

1.82 

5.39 

5.84 

2.8 

1.06 

2.06 

Cs 

0.85 

0.93 

3.71 

1.80 

0.88 

1.28 

1.41 

1.26 

0.84 

1.09 

4.50 

Rb 

29.6 

27.7 

23.7 

31.3 

15.9 

14.8 

17.9 

14.8 

68.8 

15.9 

26.2 

Ba 

200 

390 

237 

372 

171 

142 

194 

144 

291 

167 

206 

Th 

1.16 

1.25 

1.05 

1.10 

0.77 

1.10 

0.97 

0.60 

1.12 

1.10 

1.20 

U 

0.45 

0.48 

0.47 

0.40 

0.48 

0.42 

0.50 

0.23 

0.49 

0.45 

0.44 

Nb 

3.96 

3.98 

4.66 

3.48 

2.51 

3.49 

2.85 

1.81 

3.30 

3.14 

3.32 

Ta 

0.35 

0.29 

0.30 

0.26 

0.22 

0.28 

0.24 

0.19 

0.31 

0.29 

0.33 

La 

7.62 

7.81 

6.47 

6.78 

5.28 

6.81 

6.22 

3.98 

6.68 

6.35 

8.50 

Ce 

17.2 

18.6 

15.4 

16.3 

12.5 

16.3 

14.2 

9.3 

15.8 

15.3 

19.5 

Pb 

3.7 

5.9 

6.0 

10.1 

5.0 

4.3 

6.4 

5.6 

4.8 

13.7 

4.6 

Pr 

2.29 

2.56 

2.15 

2.26 

1.72 

2.22 

1.87 

1.26 

2.24 

2.14 

2.68 

Sr 

314.2 

302.9 

316.3 

625.3 

459.4 

299.5 

306.5 

276.3 

835.2 

310.6 

528.4 

Nd 

10.52 

11.63 

9.93 

10.46 

8.18 

10.46 

8.29 

6.01 

10.37 

10.12 

12.19 

Sm 

2.83 

3.18 

2.77 

2.96 

2.28 

2.81 

2.12 

1.65 

2.99 

2.91 

3.44 

Zr 

83.6 

83.4 

70.8 

71.9 

51.1 

76.6 

46.2 

37.1 

73.1 

63.9 

73.6 

Hf 

2.33 

2.36 

2.08 

2.18 

1.64 

2.26 

1.37 

1.17 

2.44 

2.22 

2.64 

Eu 

0.98 

Lit 

1.03 

0.99 

0.95 

1.08 

0.69 

0.67 

0.97 

1.03 

1.12 

Ti 

6730 

7383 

6472 

6994 

5904 

6717 

4332 

3960 

7586 

6821 

8327 

Gd 

3.43 

3.88 

3.51 

3.58 

2.82 

3.49 

2.46 

1.96 

3.55 

3.37 

4.09 

Tb 

0.60 

0.67 

0.60 

0.62 

0.49 

0.61 

0.42 

0.34 

0.62 

0.59 

0.72 

Dy 

3.89 

4.33 

3.86 

4.02 

3.18 

4.01 

2.68 

2.25 

4.05 

3.91 

4.72 

Ho 

0.83 

0.92 

0.82 

0.86 

0.67 

0.84 

0.57 

0.48 

0.89 

0.84 

1.02 

Y 

22.9 

25.1 

22.4 

22.2 

16.7 

21.5 

14.8 

12.0 

22.6 

20.8 

24.3 

Er 

2.35 

2.63 

2.35 

2.45 

1.90 

2.36 

1.62 

1.33 

2.56 

2.40 

2.90 

Tm 

0.36 

0.39 

0.35 

0.37 

0.28 

0.36 

0.24 

0.20 

0.39 

0.36 

0.45 

Yb 

2.29 

2.52 

2.27 

2.36 

1.78 

2.29 

1.55 

1.30 

2.49 

2.31 

2.88 

Lu 

0.35 

0.38 

0.34 

0.36 

0.27 

0.35 

0.23 

0.20 

0.38 

0.34 

0.44 

V 

263 

270 

264 

259 

249 

256 

168 

149 

296 

287 

322 

Cr 

195 

184 

212 

191 

247 

183 

172 

155 

220 

208 

146 

Co 

50 

48 

52 

46 

47 

52 

70 

80 

51 

53 

55 

Ni 

43 

39 

66 

47 

40 

60 

199 

224 

55 

51 

58 

Cu 

56 

42 

133 

58 

32 

62 

36 

71 

163 

51 

70 


FIoHMeHaHHa: nn 1-8 ckb. MU-50. 9-11 - MU-57. 












Ta6jinua 3.5. CocxaB nopoa HopHJibCKoro KOMnjieKca. Hmpy3HBbi n h >k h exan h axe ko ro ruria. 


JMb nn 

1 

2 

3 

K9 

5 

6 

7 

8 

9 

10 

11 

B 

786 

798 

817 

831 

836 

853 

868 

878.6 

891.5 

893 

888.2 


44.73 

45.1 

45.02 

46.4 

42.45 

45.77 

49.88 

49.85 

51.18 

45.26 

41.52 


0.51 

0.46 

0.44 

0.46 

0.50 

0.54 

0.94 

0.96 

1.00 

0.44 

0.37 

ai 2 o., 

9.44 

10.56 

10.7 

11.23 

7.7 

9.3 

15.05 

14.31 

14.69 

9.86 

13.64 

FeO 

1 1.23 

12.82 

12.2 

11.53 

15.57 

13.7 

10.62 

10.8 

10.51 

12.66 

10.18 

MnO 

0.20 

0.23 

0.18 

0.22 

0.25 

0.23 

0.23 

0.25 

0.21 

0.29 

0.22 

MgO 

23.91 

19.77 

21.42 

19.32 

24.13 

20.8 

7.74 

7.58 

7.82 

18.05 

14.65 

CaO 

6.45 

7.2 

6.34 

8.04 

5.93 

7.05 

10.66 

10.29 

10.91 

7 

8.43 

Na20 

0.65 

0.7 

0.56 

0.61 

0.75 

0.62 

1.41 

1.6 

0.98 

0.8 

4.92 

K20 

0.98 

0.36 

0.52 

0.44 

0.33 

0.61 

1.19 

1.26 

1.08 

0.88 

0.79 

P205 

0.06 

0.06 

0.07 

0.05 

0 

0.09 

0.1 

0.11 

0.09 

0.047 

0.061 

rmn 

2.2 

2.06 

2.7 

2.2 

4.01 

1.04 

1.71 

1.89 

1.14 

5.27 

4.79 

Sc 

18.5 

17.8 

18.1 

17.0 

16.2 

19.4 

17.6 

20.4 

31.1 

31.1 

31.6 

Ti 

2505 

2395 

2500 

2065 

2280 

2470 

2480 

2855 

4980 

5455 

5365 

V 

111 

108 

108 

96 

103 

114 

102 

126 

206 

216 

207 

Cr 

182 

138 

129 

303 

127 

207 

226 

108 

99 

86 

93 

Co 

104 

105 

71 

89 

110 

88 

151 

105 

47 

45 

45 

Ni 

646 

10 

316 

463 

746 

677 

1089 

594 

105 

106 

116 

Cu 

373 

754 

206 

622 

663 

614 

1880 

503 

303 

242 

245 

Rb 

35.9 

13.2 

14.2 

13.1 

20.3 

15.1 

12.5 

20.7 

38.7 

39.1 

33.3 

Sr 

95.0 

171.8 

274.2 

191.3 

143.5 

208.0 

151.6 

144.8 

305.2 

299.4 

304.2 

Y 

12.8 

10.7 

10.8 

10.4 

10.5 

10.9 

11.1 

13.7 

21.7 

21.6 

21.1 

Zr 

49.9 

41.1 

41.8 

38.3 

45.3 

38.7 

45.5 

40.6 

94.1 

95.9 

88.8 

Nb 

3.67 

3.30 

4.52 

2.59 

3.13 

3.25 

3.27 

4.48 

6.81 

7.05 

7.21 

Cs 

1.50 

0.80 

0.61 

0.58 

0.97 

1.06 

0.67 

1.19 

0.89 

0.94 

1.23 

Ba 

89 

152 

98 

99 

81 

210 

87 

185 

258 

307 

249 

La 

5.67 

5.23 

4.90 

5.69 

4.57 

5.45 

4.49 

7.60 

11.30 

11.70 

12.39 

Ce 

13.5 

II.1 

11.2 

12.0 

12.1 

11.7 

10.6 

15.5 

25.0 

25.9 

26.9 

Pr 

1.67 

1.36 

1.35 

1.46 

1.58 

1.44 

1.36 

1.83 

3.03 

3.19 

3.23 

Nd 

7.00 

5.80 

5.86 

6.30 

6.80 

6.19 

6.03 

7.70 

12.95 

13.35 

13.44 

Sni 

1.60 

1.34 

1.41 

1.44 

1.47 

1.51 

1.41 

1.73 

3.04 

3.15 

3.15 

Eu 

0.45 

0.45 

0.47 

0.48 

0.38 

0.53 

0.42 

0.62 

0.90 

0.98 

0.93 

Gd 

1.75 

1.51 

1.48 

1.53 

1.51 

1.63 

1.59 

1.95 

3.31 

3.32 

3.34 

Tb 

0.29 

0.25 

0.24 

0.25 

0.26 

0.26 

0.26 

0.31 

0.54 

0.55 

0.56 

Dy 

1.92 

1.61 

1.60 

1.60 

1.57 

1.70 

1.70 

2.07 

3.48 

3.49 

3.61 

Ho 

0.44 

0.36 

0.36 

0.36 

0.35 

0.40 

0.38 

0.46 

0.79 

0.80 

0.81 

Er 

1.16 

0.97 

0.97 

0.96 

0.92 

1.03 

1.04 

1.21 

2.08 

2.12 

2.13 

Tm 

0.17 

0.15 

0.14 

0.14 

0.13 

0.15 

0.15 

0.18 

0.31 

0.31 

0.31 

Yb 

1.09 

0.93 

0.88 

0.89 

0.87 

0.98 

0.95 

1.13 

1.97 

2.01 

2.00 

Lu 

0.16 

0.14 

0.14 

0.13 

0.13 

0.14 

0.14 

0.17 

0.28 

0.29 

0.30 

Hf 

1.23 

1.04 

1.01 

0.93 

1.07 

1.06 

1.18 

1.10 

2.36 

2.47 

2.39 

Ta 

0.66 

0.47 

0.69 

0.15 

0.50 

1.03 

2.82 

3.08 

0.93 

1.38 

2.90 

Pb 

17.3 

30.4 

34.0 

10.2 

17.4 

42.8 

87.2 

49.3 

26.9 

21.1 

28.9 

Th 

1.08 

0.86 

0.90 

0.86 

0.86 

0.91 

0.91 

0.99 

2.02 

2.06 

2.13 

U 

0.29 

0.30 

0.24 

0.34 

0.30 

0.33 

0.29 

0.45 

0.64 

0.64 

0.65 

npHMenaHHfl: N 2 nn 1- 

11 - CKB. Tr-31. 

* 

12-17 

-0-233. 

18-22 • 

-on-4. 














HHTpy3HBbi ;iaji;ii>iKaHCKoro KoniieKca. b MeHbuien .viepe - oroHepcKoro. Ilopoabi nepBoro H3 
na3BaHHbix KOMnjieKCOB aeHCTBHTejibHO paciiojiaraioTCH b caMOM Bepxy o6mero Tpenaa to Hex 
cocxaBOB, oanaxo HexoTopbie H3 hhx 6jih3kh k cocraBa.M nopoa JVm HopHjibCKoro KOMnaexca, 
KOTopbie nepeaxo BCTpeaaioTca b BepxHHX 'lacxax pa3pe30B HHTpy3HBHbix Tea c oorarbiM 
opyaeHeHHeM (c|)eppora66po). To ecTb. b aaHHofi CHTyauHH, nopoabi aaaabixaHCKoro xoMnaexca 
MoryT paccMaTpHBan.csi xax npoayKTbi nanooaee (j)paKiiHOHHpoBaHiiOH Hacra toto >kc Hcxoanoro 
pacnaaBa, aliopiviHpoBaBiiiero h apyrne Teaa. To we caMoe mowho cxajarb h o nopoaax 
oroHepcKoro KOMnaexca - caa6o MarHe3HaabHbix (5-6 Mac.% MgO), c noBbiuieHHbiMH 
coaepwaHHAMH (1,2 - 1,5 TiOj). 

0,'iHaKo i eoxn\in i iecKne oco6eHnocin n3yHennbix MaccHBOB nosBoamor hx Goaee naaewno 
aHarHOCTHpoBaTb. Bee yabrpa6a3HT-6a3HTOBbie MaccHBbi HopviaabHOH meaoMHOCTH pa36HBaKyrca 
na TpH nepaBiibie rpynribi no coaepwaHHHM peaKHX aaeMemaM h hx cooTnomenHHM (Gd/Yb- 
La/Sm - pnc.3.16): aioMTaaeHCKHH. HHWHeTaaHaxcKHH h HopnabCKHH, hx reoxHMHaecKHe 
OCOOCHHOCTH (b TOM MHCae H HTOTOHHbie) COBIiaaaiOT C TaKOBblMH ryaHHXHHCKOH, HaaewaHHCKOH 
H MOpOHTOBCKOH CBHT COOTBCTCTBCHHO. K nepBOH TpvnnC OTHOCflTfl aBa M3CCHB3 - /JlOMTaaCHCKHH 

na (O)khom TaHMbipe h CHaa, ycaaHOBaeHHbiH b xapbepe «MeaBewHH pynenw (MewKapbepiioe 
ripocTpaiiCTBo). ko BTopon rpyrme - 3 MaccHBa: Hnwne-TaanaxcKHn. 3eaenorpHBCKHH h mecchb, 
BCKpbirbiH ckb. 0-225 Ha Ookhhckoh naomaan (lOwHo-HopnabCKHH pyaHbin yxea). Bee 
ocrajibHbie MaccHBbi oaeHb 6an3KH Meway coooh h o6teaHHflK)TCfl b oaHy rpynny - Hopnabcxyio. 
KoiiKperiibie cneKTpbi ociioBHbix HirrpyTHBOB pasiibix thiiob. KOTopbie h aoawiibi OTBewaTb 
KOMnaeKcaM b HopHabcxoM paiioHe, npHBeaenbi na pHC. 3.17. 



Rb Ba Th U Nb Ta La Ce Pb Pr Nd Sr Sm Zr Hf Eu Ti Gd Tb Dy Ho Y Er Tm Yb Lu 


Phc.3.16. faaBHbie reoxHMHHecKHe THnbi HHTpyaHBHbix nopoa HopMaabHOH meaoHHocTH 



M xoth no \iarHe3naibHOCTH h THTaHncTocra nopo^bi HopHJibCKoro n HHvKHeTajiHaxcKoro 
KOMnJieKCOB OTJIHHaiOTCH OT 6a3aJIbTOB aHajrorHHHblX CBHT (10-16 MgO H TiC>2< 1 Mac. %), 
no ( apa3AejieHHe HHTpy 3 HBOB Ha cooTBeTCTByrouine rpynnbi, Bepoamo. ;xoji>kho upoBO^HTbCH no 


cneKTpaM pacnpe.aejienHH pe^Knx 3 Jie\ienTOB. ojih3khm k 3thm TnnaM MarM. MiiTpysnBbi 





Hn>KHe-Ta/iHaxcKMM MaccMB 
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Phc. 3.17. CneKTpbi pacnpeaenenna pejKnx 3neMenTOB b nopo^ax TnnoMop(|)Hbix 


MaCCHBOB OCHOBHbIX reOXHMHHeCKHX THnOB HHTPV3HBOB 





ixaiuibiKancKoro KOMiuieKca 3a cneT noBbimeHHOH THTaHHcrocm (;io 1.8 \iac.% Ti02) \toryx 6brib 


Bbiae.ienbi b caMOCTOHTejibHbiH KOMnnexc hjth b OT^ejibHbin ™n b npe.ne.iiax HopnjibCKoro 
KOMruieKca. Me^ay Te\i, HHTpy3HBbi pajnbix thiiob Toro >xe KOMnjieicca, Bbinejiaeivibie no 
OCoSeHHOCTHM CTpoeHHfl ( 3 VOOBCKHH, KpYTJIOropCKHH. HOpHJIbCKHH), HC OTJIHHaiOTCfl MOKJiy 


co6oh (pnc. 3.18). 
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Phc. 3.18. ^warpaMMU (La/Sm)n - (Gd/Yb)n .ana Bcex HHipy3HBHbix nopoa HopnjibCKoro 

paiiOHa (A) h oxaejibHO ana HopH.ibCKoro THna (B) 

KpaCHbIMH H p0'30BbIMH 3HaHK3MH yKajaHbl pyflOHOCHbie MaCCHBbI (CO;iep>KaiHHe 
\iecTopo>KaeHHa), 3eneHbiMH h chhhmh - c.iaoo opyaene.ibie. 




Tohkh cocTaBOB noHTH Bcex MaccHBOB nonaaaiOT b none nopoa HopnjibCKoro rana (hjih 
KOMruieKca) Bue 3 aBHCHM 0 CTH or nx BHVTpenHero crpoeHna h pynonocHOc™. 3 to eme nania/mee 
BHflHO Ha nnarpaMMaX HOpMHpOBaHHbIX OTHOlIJeHMH 3JieMeHT0B (k npHMHTHBHOH M3HTHH, no 

Hofmann, 1988), t3khx xax (Th/Ta)n - (Nb/Ta)n h (U/Nb)n - (Nb/La)n. Ha hhx othctjihbo 
o6oco6naeTCH TOiibKO none nopon /boMTanencKoro rana. a ocTajibHbie nopozibi - HopniibCKoro n 
HH>KHeTajiHaxcKoro thiiob - y>xe He panm naiorca \ie>K;iy cobofl (pnc.3. 19). 
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Pnc. 3. 19. /fnarpaMMbi (Th/Ta)n -(Nb/Ta)n (A) n (U/Yh)n - (Nb/La)n (B) ana rjiaBHbix 

reOXHMHHeCKHX THnOB HHTpy3HBHbIX HOpOZl 

/l,jia conocTaBjieHHa MaccHBOB b naHHOM cjiynae He paccMarpHBaiOTca co;rep>Kanna 
UBenibix n ojiaroponnbix MeTajuioB, nocKOJibKy nx KonneinpannH name Bcero CBrnaribi c 
npHcyrcTBHeM cy.'ibcjwiOB b noponax. Macro MUKpomibix pa3MepoB, ynecTb conep/Kanna Kotopbix 





aociaTOHHO rpyziHO. TaKa» paooTa rpeoyeT cneiiHajibHbix aHajiHTHMecKHx mctoaob (onpeziejieHHe 
Kpanne HH3KHX - na vpoBHe ppt -co^ep^aHHH nnaTHHOBbix MeiajiJiOB h 30JiOTa, nanpHMep. 
nocrynubix TOJibKO AoporocToamHM mctoaom H30Tomioro pa36aBjieHHa). OnnaKo 3 to oneiib 
HHTepecHoe HanpaB.ieHHe pa6oi, KOTopoe xpe6yeT aajibHeHiiiHx Hccjie^oBaHHH. 

Han 6 ojiee Ba^KHbiM 3 aKJiK)HeH hcm H 3 npoBe^eHHbix Hccjie^oBaHHH cjie^yeT He 3 aBHCH\iocTb 
reoxHMHHecKoro cocTaBa nopoa ot Hanunna hjih otcvtctbhh b hhx cyjib(J)H,aHOH MnnepajiH 3 au < HH, 
r.e. MaccHBbi pa 3 HOH cxeneHH pv;iohochocth xapaKrepH 3 y*OTCH oahhmh h tcmh >xe 
reoxHMHnecKHMH ocooemiocTHMH. Tohkh cocTaBOB hx nopoA oGpaiyioT e^Hnoe nojie iia Bcex 
OTarpaMMax (pnc. 3 . 18 , 3 . 19 ). 

3.3. CoiiocTaBJieiuie reoxHMHHecKHX ocooeiiiiocreii pyjoiiociibix komikickcob 
paiiibix per iioiiob Pocciiii 


rioMHMO HinpyjHBOB HopHJibCKoro paiioiia aBTopoM H3ynajiHCb yjibTpa6a3HT-6a3HTOBbie 
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Phc. 3.20. nojKmeHHe H3\HeHHbix yjibrpaoa3HT-6a3HTOBbix npoBHHUHH Ha Kapre 

fMacaHTHC. 1983V noKa3aHHbix hcdhwmh icnvn hmmh icnvTiCKaMH 





KOMiuieKCbi paaa apyrHX peroHOB Pocchh: CeBepHoro 3a6aHKa.ii.5i. Kape;io-Ko;n>CKoro panoHa h 
BocTOMHoro CaaHa (pnc.3.20). 

3.3.1. L luiteucKuu Maccue e CeeepnoM 3a6auKOJibe 

HanGojibuiMH o6teM HccaeaoBaHHH Bbinoanen aaa \iaccHBOB C. 3a6aHKaaba: JlyKiypcKoro 
h, ocooenno, MHHeHCKoro. coaepwamero MeaHbie pyaw c HHKeaeM h naaxnHonaaMH, a xaxace 
Goraxoc aceae30-XHxaHOBoe opyaenenHC. Mhhchckhh mbcchb pacnoaoaceH Ha ceBepe Hhxhhckoh 
o6jiaci'H, b 30He BAM (FeojiorHHecKoe CTpoeHHe....2002), b pafioHe conexaHHa xpeGxoB YaoKaH h 
KaaapcKHH (phc.3.21). 

Bo BTopoR nojioBHHe naaeonpoxepo3oa b ceBepo-3anaaHOH nacxH AaaaHo-CxaHOBoro 
mHxa, ohcbh/^ho. b npouecce piiijiTHiira 6buia ccfiopMHpoBaiia Kpynnaa YaoKaHCKaa Biiaanna. 
CBHAeTejibCTBOM ^ojiroBpe\ieHHOH cbh3h 3Toro ynacTKa 3cmhoh xopbi c MaHXHefi aBaaioxca 
pa3H0B03pacTHbie npoaBjieHHfl 6a3HTOBoro Mar.MaiHSMa b npeaeaax KaaapcKoro h YaOKancKoro 
xpe6TOB, HaHHHaa c npoxcpoxoa (raGGponabi MHHeHCKoro h aopoccKoro KOMnaexcoB) h MC303oa 
(ByaKaiio-ocaaoHiibie oxaowenna MyKnyaHHCKOro rpa6ena) BnaoTb ao coBpeMeHHOCTH - 
6a3HTOBbiH MarMaTH3M YaoKaHCKoro aaBOBoro naaio - 2.1 Tbic. aeT (CrynaK, 1987). I la 
ocHOBaHHH 3Toro (jiaxxa b nocaeaHHe roabi HinpyiHii paccviaxpHBaexca b cocxaBe 
xpancperHoiiaabiioro MexaaaoreHHHecKoro noaca EiiHceHCKo-AaaancKHx KpaeBbix crpyKxyp 
oGpaMaenna ChGhpckoh naar(|)op\ibi. npocmpaiomeroca ox K»KHOro oGpaMaeiiHa ChGhpckoh 
naaxcJiopMbi ao TaH.Mi.ipa h BKaioMaiomero yHHKaabHbie naaxHHo-MeaHo-HHKeaeBbie 
MecxopoacaeHHa HopwabCKoro h Koaapo-YaoKancKoro pyaHbix paiioHOB. 

l luneucKuu Maccuo no paaviepaM. oxHexaHBofi paccaoennocxH h phxmhhhocxh conocxaBHM 
co CxaeprapacKHM HHxpy3HBOM, a no nexporpa(|)HMecKOMy cocxaBy - c Bepxnefi 30H0H 
BymBeabaa. HecMOxpa iia 3anHHxeabno Menbinne paxMepbi no cpaBiieiiHio c yKaiamioH xohoh 
ByuiBeabacKoro nayxoHa. oh coaep>KHx orpoMHbie 3anacbi BaHaana, xoxopbie Bcero b xpn pa3a 
ycxynaiox GyuiBeabacKHM. B Hacxoamee Bpesia xaeci. pacnoaaraioxca caMbie KpyiiHbie 
MecxopoacaeHHe aceae30-xHxaH-BaHaaHeBbix pya b Pocchh (MarHHXHoe h 3xbipKo). aBaatomneca 
KpynHeHiiiHMH b MHpe. Kpo\ie xoro, c Mhhchckhm MaccHBOM cBa3aHbi cyab(])HaHbie 
Mecxopoa<aeHHH Mean h GaaropoaHbix MexaaaoB (ToHraabCKHH. KpHBoayuKaa, 1992,1993,1999), 
aoKajiH30BaHHbie b oGaacxn ero koh raKra c BMemaioiiiHMH nopoaaMH - PyaHoe h KoHxaiaoBoe. 

BaacHbiM acnexxoM paGoxbi Gbiao H3yneHHe BHyxpeHHero cxpoeHHa MHHeHCKoro MaccHBa h 
onpeaeaeiiHe nexpox h m h i iec k h x h reoxHMHHecKHX ocoGeHnocxeii caaraiouinx ero nopoa, 
noxBoaaiomne npocaeaHXb 3aKOHO\iepHocxH hx (JiopMupo Banna. a xaxace onpeaeaeHHe (J>a30Bbix 
xapaKxepncxHK ncxoaHOH Marabi, c<})opMHpoBaBuieH MaccHB. ycxaHOBaeHHe cocxaBa ee 




Phc. 3 . 21 . CxeMatHHecKaa reonornHecKaa KapTa Koaapo-y,aoKaHCKoro pafloHa h 

no^o)KeHHe Mbhchckoto MaccHBa b ero npe.ne.iiax 
(no MarepnajiaM flfO ^HTareonornsi)), reonorHHecKoe CTpoeHne..., 2002) 


YcjioBHbie 0003HaHeHHa: 1) HeTBepTHHHbie oTJioaceiina; 2) ByjiKaHHHecKne noponbi ( N-Q ); 

3) ocajiOMHbie BeHn-KeM6pHHCKHe otjiohcchhji; 4) HHVKHee-nporepo30HCKHe KapOoHaT- 
TeppHTrennbie noponbi ynoKancKon cepnn: 5) rpaHHTbi HiiraMaKHTCKoro KOMnnexca: 6) 
ra66pon^bi HnHencKoro KOMnneicca (MaccnBbi: I-MHHencKHH. II-ManjiaBCKHn, III -JlyKTypcKHn); 
7) rpaHHTbi KojapcKoro KOMiuieicca; 8) rpaHHTbi Kvan jhhckoio KOMnjieKca; 9) DiaBHaa /JaiiKa 
Y;ioKaHa: 10) MeneHOCHbiH rop«30HT Y.TOKaHCKoro MecTopo>K;ieHHa; 11) pa3JiOMbi; 12) 

MecropwKaeHHH: 1 -5 - MenncTbix necnaHHKOB: I- ripaBOHHraMaKHTCKoe, 2 -CaKHHCKoe,3 - 
KjiioKBeHHoe, 4 - YHicyp, 5 - KpacHoe; 6-11 —MenHO-HHKejieBbix pyn: 6 - MarHHTHoe, 7 - 
9TbipKo, 8 - Pyinioe. 9 - KoHTaicroBoe. 10 - CKBOiiioe. 11 - JlyicrypcKoe; 12 - KaTyrHHCKoe 
neaKOMeTajuibHoe: 131 >i<e;ie3Fiaa to nor a h CTaimna. 
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pacnjiaBHOH nacTH, a raxAce napaMeTpOB xpH<rraAAH3auHH (roHraAbcxnn n a p., 2008). 
CymecTBennyio pojib cbirpajiH aamibie o AeTaAbiion xapaKTepHCTHKe BHyTpeiniero CTpoeima 
HwHencKoro MaccnBa. nojiyneHHOH b pe3y:ibTare ero reoAornnecxoro H3yneHHH, rio3BOAHBLune 
npOCJlCOTTb B3aHMOOTHOlIieHH5I MCjKJiy maBHblMH pa3HOBH^HOCTflMH nopoa H ACTaAbHO 
oxapaKTepH30BaTb nx pacejioeHHoeTb. MHoroMHCJieHHbie aHaAH3bi xhmhhcckhx cocTaBOB nopoA 
GbijiH THnH3HpOBaHbi c noMombio KjiacTepHoro aHajiH3a, aaa xaacAoro H3 noAyneHHbix 
neTpoxHMHHecKHx THnoB c noMombio MOAeJiH «KoMar\iar-3.5», nojiyneHa oueHxa (|>a30Boro n 
xHMHHecKoro cocTaBa hcxoahoh MarMbi h ycJiOBHH ee xpncTaAAH3aunn. 

Hmpy3HB npeACTaBjiaeT cooon acHMMeTpHHHoe AonoAHTOo6pa3Hoe tcao, noAOiiiBa 
KOToporo Ha 3anaae noA yrjiOM 10-25° norpy>xaeTCfl k ucHTpy, a Ha boctokc hmcct 
cy6ropH3oiiTajibHoe 6.3H3noBepxHocTiioe (nepBbie jxc chtkh MeTpoB) 3aAeranne; ccBepnbin ero 
KOHTaKT - TCKTOHHHeCKHH. Ooiliafl MOlUHOCTb MaCCHBB (C VHCTOM oGna'/KCHHOn Ha HOBepXHOCTH 
Bepxnen ero nacTH h BCKpbiTon cxBaAcnnaMn nn/xnen) cocraBAfler 2.5 km. Oh iajieraer cpeAn 
HH)KHenpoTepo30HCKHx nopoA yAoxaHCKoro KOMnjieKca, a Ha K>ro-3anaAe npopBaH 
na/ieo30HCKHMH rpaiiHTaMH HHraMaKHTCKoro KOMnjieKca (pnc. 3.21). 

MaCCHB HMeCT CAO>KHOe BHyTpCHHCe erpoeilHe. B OTAHHHe OT KAaCCHHCCKHX paccjioeHHbix 
njiyTOHOB, ivie caoh npocAOKHBaiOTCfl na acchtkh h a a>Ke cothh xnAOMerpoB (Hales H.V. and 
Cawthorn R.G in Layered intrusions, 1996: LllapKOB, 1980. 2006; LLIap iob h ap - 2002), b 
Mhhchckom mrrpyjHBe He cymecTByer Taxon b i>i Ae p>xa n ho n crpyxrypbi bo BceM ero o6i>eMe. 
OmeTJiHBO BbiAeAHeTCH neTbipe Gaoku - 3anaAHbin. ueHTpanbHbin. BOCTOHHbin n ioro-BOCTOHHbiH, - 
HMefomne cboh cneun^HHecxne ocoochhocth. Tax. 3anaAHbiH n joro-BOCTOHHbin Gaokh 
xapaxTepn3yioTCA HariHHHeM otmctahbo paccAoeHHbix nopoA c noBbimeHHbiM coAep>xaHneM 
inTaHOMarnernra b raGGponAax, b to BpeMA xax b ueHTpaAbHOM n boctohhom Gjioxax 
AOMHHHpyfOT MaCCHBHbie pa3HOBHAHOCTH nopOA- B lOrO-BOCTOMHOH HaCTH HIITpy3HBa B GoAblUOM 
xoAHHecTBe npncyTCTByioT xceHOAHTbi BMemaioLUHX xapooHaTHbix nopoA, cymecTBCHno 
ocAO/KHAiomne BHVTpeinnoio CTpyxTypy MaccnBa. - tto oGAacTb hhtchchbhoh xoiiTaMnnaunn 
raGGpoHAOB riopoAaMH yAOxaHcxon CBKTbi. 

B CTpoeunn MaccnBa npnHHMaeT ynacTne necxoAbxo rpvnn nopoA. Meacay xoTopbiMH 
yCTaHOBAeHbl HHTpy3HBHbie B3aHMOOTHOUICHHA: 

I. llepBaa rpvnna npeACTaBAeHa xpynHbiMH xceHoonoxaMH h xceHOAHTaMH nnpoxceHHTOB 
(ao 80 MeTpoB b nonepeMHHxe), H3MeHeHHbix aHOpT03HTOB. raGGpo. Boxpyr hhx HaGAiOAaiOTCA 
30iibi 3axaiixn bo BMemaiomnx nx raGGponaax - o6pa3yiorcfl otopohkh MeAK03epHHCTbix raGGpo. 
raGGpOHOpHTOB. MOLHHOCTbK) OT nepBbIX CaHTHMeTpOB AO nepBbIX AeilHMeTpOB. IlopOAbl CHAbHO 



npeo6pa30Banbi, no nnarnoKna3y pa3BHBaiOTCH nojiHbie nceBAOMop(j)03bi npennTa, uBeTiibie 
MHHepajibi npe,acTaB.ieHbi cjikwmh, aM(j)HoonoM, MameTHTOM, c(j)eHOM. 

II. Biopaa rpynna nopoA BKiiionaeT ra66poHAbi, xapaKTepH3yioiunecfl noBbimeHHbiMH 
coAepAcaHHHMH THTaHOMameTHTa n noApa3AeA5noLunecfl Ha THTaHOMarHeTHT-ra66poByio 
(MomHOCTbK) okojio 1 D km) h jichko iaoop cbvio (ao 1.5 km) cep m. riopoAbi tht3ho Mam era t- 
raoopoBon cep hh BCTpenaiOTCA b BHAe abvx pa3o6ineHHbix oaokob (3anaAHOM h ioro-BOCTonnoM). 
JleHKoraoopoBaH cepnn (\iaccHBHbie raoopo, nenKoraoopo h anopT03HTbi c npocAOHMn ciuiomiibix 
THTaHOMarHeTHTOBbix pyA) ooHa>KaeTCfl Ha noBepxHocTH b ueHTpajibHOM ojioKe h cjiaraeT 
BepxHioK) nacTb \iaccHBa, rue b arwKaAbHon nacTH HaoniOAaiOTCH TaioKe BbixoAbi 
raGopoAnopmoB, mohuoahophtob c mho ron ncnen11bi mh KceHOAHTaMn BMeinaiomnx ocaAomibix 

nopoA. 

III. IpeTbio rpynny cocTaBAWOT HopHTbi h raoopoHopnTbi. BbiACAeinibie b nopmoByio 
cepmo, nopoAbi KOTopon bbixoaht Ha noBepxHocTb b ueHTpajibHOM 6 aokc, a Tao<e 3aneraioT b 
npHnoAOLUBeHHOH nacTH 3anaAHoro h kmo-boctohhoio oaokob. MomnocTb cepnn c 3anaAa iia 
boctok yBejin i inBaexc h ot 300ao 800m. Hopmbi h raoGponopnibi HepeAKO npoHHKaKyr b BHAe 
ano(|)H3 h chaaob b iaAeraioinne Bbime nopoAbi Bropon rpynnbi - THTaHOManiernTOBbie ra66po. 
3 ohw iaxajiKH npn 3 tom riponBACHbi oneHb caa6o (ao nepBbix caHTHMerpoB) hah oTcyTCTByior 
BOoSme (bo3mo>kho, H3-3a 6 ;ih30cth TeMiieparyp BHeApwomerocn paciuiaBa h ne ycneBinero 
ocTbiTb OKpy>Kaiomcro 3aKpncTannH30BaHHoro MarMaTHHecKoro MaTepnaaa). B k»khoh nacTn 
MaccHBa naGjiioAaeTca pe3Koe necornacne b yrnax 3ajieraim« paccAoeH hocth nopoA hophtoboh 
cepHH oTiiocHTeAbiio THTaHOMarneTHT-raoopoBon h AeHKora66poBOH cepnn. 3 to no at Bep>K AaeT 
nanHMHC BpeMCHHoro nepepbiBa Me>KAy bhcapchhcm rAaBHbix rpynn nopoA. 

IV. HanGoAee no3AHHMH o6pa30BaHH«MH hbajhotch MarMaTHnecKne 6pci< i iHH c 
jiaMiipo(|)HpoBbiM h ra66poHopHroBbiM neMeHTOM h jiaMnpo(|)Hpbi, o6pa3yioiune chaabi b 
npHiioAomBennoH nacrn Hirrpy3HBa (MomnocTbio nepBbie MeTpw). AaiiKn h rpy6oo6pa3iibie rejia 
BHyTpn MaccHBa (AnaMCTpoM nepBbie accatkh MeTpoB). 

/Jo ah pa3Hbix rpynn nopoA b MaccnBe pa3AH i ma: ochobhoh oGtjCM HHipy3HBa (-90%) 
CAo>i<en nopoAaMH BTopon h Tp <aben rp yin (np wep H) 2 i ) b to Bp <mh xax KcenoAHTbi n 
MarMaTHHecKne GpeKnnn cocTaBAHior Bcero okoao 5% ot oGmero ooT>e\ia Hnrpy3HBa Ka>KAbie b 
OTAeAbHocTH. 3neMeHTbi 3aieraHnn rAaBHbix abvx rpynn nopoA. xax npaBHAO, coBnaaaioT - hx 
naAeHne HanpaBAeHO k neHTpanbHon nacTH HHTpy3HBa. YrAbi naneHnn BapbnpvKrr or 3 ao 10-15° 
b ueirrpajibnbix nacTnx; na janaAe. na KOHTaicre c rpan htohaamh nnraMaKHTCKoro KOMiuieKca, 
AOCTHiaior 40-45°. OAHaxo b k»khoh qacrn MaccHBa h a0A k>a aeTc h oGpamoe naAeHne nopoA 
THTaHOMarneTHT-racopoBon cepnn (na ior noA vtaom 25-30°). OrMeneriHoe Bbime HecoBnaAeHne 
3AeMCHTOB 3aneraHHH b nopoAax THTaHOMameTHT-raoopoBOH cepnn n OKpy>KaiomHx nx hophtob b 



3T0M pailOHe, a TaKHCe npH3HaKH HHTpy3H B H bl X B3aHMOOTHOUieHHH NlOK.ay HHMH. nO-BH^HMOMy, 
CBH/ieTejibCTBjioT o cymecTBOBaHHH KpynHoro ojioKa raoGponnoB BTopofl rpynnbi cpenn 
BiiezipHBLiiHxcH no3nnee raGGponopHTOB. 

B maBHbix rpynnax nopon (BTopon h TpeTbeii) othctjihbo npo^BjiCHa pa3HOo6pa3Haa 
paccjioeHHOCTb. flepBbm ee thii mohcho oxapaicrepM30BaTb kzk MejiKOMacLUTa6Hyio paccuoeHHOcrb 
(nepBbie caiiTHMeipbi - neuHMeTpbi). ooycjiOBJiennyio BapnauHAMH conep>KanHH TeMHOUBeTHbix 
MHHepajiOB CHH3y BBepx b npenenax oxaejibHbix cnoeB nopon, o6biHHO oneHb 6jih3khx Mencay 
coooh no BajiOBOMy cocTaBy (Tax naTbiBaeMaa «rpaBHTauHOHHaa CTpaTH(J)opMnocTb»). BTopon Tnn 
npencTaBjiaeT coooh KpynHOMacmTa6Hyio paccjiocHHocTb. Bbipaacaiomyiocfl b nepenoBaHHH 
kohtp acTHbix no cocTaBy noBonbiio MOLUHbix (nepBbie Merpbi) cjioeB anopio 3hto b h MaccHBHbix 
raGGpo, raGGpo hophtob. THTaHOMameTHTHTOB. 3tot thn paccjioeHHOCTH HanGonee thijhhch aha 
BepxneH nacTH \iaccHBa (jieHKoraGGpoBaa cepna). 

Pedtcue ojieMcnmbi a nopodax Maccma 

BbiBoa o (|)eppo6a3ajibTOBOM cociaBe HexoaHbix MaiM Mhhchckoio Hirrpy3HBa. 
nojiyneHHbiH na ochobhhhh MonejinpoBaHHH c noMombio nporpaMMbi «KoMar\iar», CTaBHT 
Bonpoc o npnpoae HCTOHHHKa Bbi^ejiennbix Hcxo/inbix h npoH3BonHbix, «ponHTejibCKHX», 
pacnjiaBOB. 3 th npoGneMbi paccMaTpHBaiOTCfl c reoxn mh nee khx no3HUHH - na ocHOBe cneKTpoB 
pacupe^ejiCHHH 3JieMeHTOB-npHMeceH b nopodax \iaccHBa. HopMHpoBaHHbix k nphmhthbhoh 
MailTHH. I IpC^CTaBJICHHblC cncKTpbi mohcho pa3ne;iHTb Ha TpH THIia (Ta6ji.3.5. pnc. 3.22). I IepBbiH 
H3 hhx xapaKTepeH /yia II h 111 rpynn nopon (THTaHOMarHeTHT-ra66poBaa, jieHKora66poBaa h 
nopHTOBan cepHH), cjiaraiomHx ochobhoh oGt>cm HHTpy3HBa. Bropofi thii npneym nopoaaM 
KpaeBbix (|)auHH - KBapueBbiM nnopuTaivi h MOHUoanopHTaM, a Taoce jiaMnpo(|)HpaM IV rpynnbi. 
I peTb« paiiioBHOTocTb cneicrpoB xapaKTepH3yeT nnpoKceHHTbi rpynnbi I. 

Cootbctctbhc cneKTpoB pacnpenejieHHH penKHX 3J1CMCHTOB /uifl rjiaBHbix £Byx rpynn 
mohcct yKa3biBarb na reneiHHecKoe poiiCTBO 3 thx nopon MaccnBa (oGp.0303. 0304, 0306, 0307) h 
hx npnHaaneHcnocTb k nponyicraM nrKjxfiepeimHamiH onHofi HcxonHoft MarMbi. CTpyicrypa othx 
C neKTpOB THnOJIOrHHeCKH 6jIH3Ka K TaKOBbIM nJIfl COCTaBOB KOHTHHeHTaJlbHOH KOpbl, KOTOpbie 
XapaKTCpH3yiOTCH BbICOKHMH KO H HC H Tpa UH M H HeCOBMCCTHMblX 3JICMCHTOB (KpVTOH H3KJ10H 
cneKTpoB b jieBOH ero nacTH. rne (La/Sm)N OTiiomeiiHe MenaeTca ot 3.1 no 4.3), HajiHHHeM 
oTpnuaTejibHon Ta-Nb h nojioncHTejibHOH Pb aHo muihh. a TaioKe CHJibHo h nojioHCHTejibHOH I i 
anoMajinefi. Jlnuib cneicrpbi nopon hophtoboh cepnn OTJiHHaiOTCH otcvtctbhcm nocjiennen, hto 
B nojrne jiornHHo Gnaronapa hh3khm KOHUCHTpauHHM Fe-Ti okchaob. OTMencHHbie ocoGchhocth 
cneKTpoB pacnpenejieHH5i pe;u<Hx 3Jie\ieHTOB pe3KO orjinnaiOT hx or 6a3ajibTOB MORB, OIB h 
npyrnx MaHTHHHbix npoH3BonHbix (Hofmann. 2003). flojiorHH HaKJioH npaBon nacTH cneKTpoB, 



xapaKTepH3VK>mHHCH hh3khm OTHOLueHHe.M (Gd/Yb)N =1.5-1.7, no/inepKH Baer oGmyio 
reoxHMHHecKvio cneun(j)HKy hcxo^hoh MarMbi 11 h 111 rpynnbi nopoa h MoaceT CBH,neTejibCTBOBaTb 
06 OTcyTCTBHH rpanaTa b HCTOHHHKe BbinjiaBJieHHa nepBHHHbix MarM. 
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Phc. 3.22. Cneicrpbi pacnpe/iejieHHH pe;iKnx 3JieMenroB b nopo;iax HwHeficKoro MaccHBa 
(HOMepa cneicrpoB cootbctctbyiot HOMepaM aHajiH30B b Taojwne 3.5) 

Bojiee BbicoKaa creneiib HaKonjieHHfl HecoBMecTHMbix 3JieMemoB (o6p. 0308 h 0321/1) b 
K paeBbix (|)auHHX h jiaMnpo(|)npax (IV rpynna nopoji) naxoaHT oGmchchhc kbk peiyjibraT 
;iH(|)(|)epeiiuHannn ncxomibix MarM c oOpaxoBanneM oiHOCHTe;ibHo oooramemibix ocraroMiibix 
pacnjiaBOB. Bhahmo, c 3THM CBjnano h rjiaBHoe otjihhhc cneicrpa BToporo Tuna, jx jih KOToporo 
XapaKICpHO OTCyTCTBHe nOJIOHCHTeJIbHOfi THT3HOBOH aHOMaJIHH H HaJlHHHC C/iaOO BbipaHCCHHOrO 
Ti-MHHHMyMa Ha cnafifleprpaMMax. Ilo/ioonbie cooTHomeHHH hbjihiotch xapaicrepHOH 
ocoOennocTbK) 3BOJHOHHH MarM b ycjioBHflx KpHCTajiJ!H3aiiHH MarHeTHTa. Bojiee Kompacrno 
OTJiHHaiOTCfl xapaKTepHCTHnecKHe cneicrpbi nnpoKcenHTOB (rpynna I, o6p.0301. 2101/2 n 0302). 
3 th nopoAbi oOcOTCHbi jiencHMH peaKHMH 3 cmji5imh ((La/Sm)N othouichhc BapbnpycT ot 0.99 jxo 
1.12), ypOBeHb KOHueHTpauHH 3JieMeHTOB-npHMeceH b hhx ^oBOJibHo hh3khh. ripn 3 tom 
cooTHomeHHe JierKnx n r»>Kejibix pe^Knx 3eMejib npnooperaer cy6ropH30HTajibHbiH xapaicrep, rax 
hto 3tot cneicrp oKaxbiBaeTca napajuie.TbnbiM ropH30HTanbnoH ocn cnan,aeprpaMMbi h 6jih3Khm k 
npHMHTHBHOH MaHTHH. KpOMC TOR). B nHpOKCCHHTaX npaKTHHCCKH OTCyTCTByCT Ta-Nb MHHHMVM, 
3axo neTKO Bbipa>Kena orpHuare;ibHa« crponiiHeBas aHOMa*in«. oSycjiOBJieHHaa, BepoflTHO, 
HH3KHMH KOHueHTpanHflMH b 3thx nopoaax njiarHOKJia3a. TnnojiorHJi hx cneicrpoB b ue.no m bo 
MH oroM oooycjioBJiena ocoGbim (MonoMHHepajibHbiM cocTaBOM) nopoa. C nopouaMH ocnoBHoro 
ooi>eMa HHTpy3HBa hx co.THyKaioT HanHHHe nono^cHTejibHOH Ti-aHOMaxHH h xapaKTep 
pacnpeAeneHHH THwejibix pe^KHX 3eMejib. BepoaTHO. hto KjiHHonnpoKceHHTbi npe/iCTaBji mk>t 



npoayKTbi ^Hc])(|)epeHUHaiiHH HaHOo;iee npHMHTHBHbix MarM, nocKOJibKy b hhx ycraHaBJinBaiOTCM 
caMbie hh3khc KoimeHTpaijHH KpynHOHOHHbix jiHTO(j)HjibHbix 3JieMenTOB (Cs, Rb, Ba. Sr, Rb. K). 
Ta6jinua 3. 5. flpe^CTaBHTejibHbic cocTaBbi nopoa HrmeHCKoro MaccHBa 


Jfso6p 

0301 

2101/2 

0302 

0303 

0304 

0305 

0306 

0307 

0321/1 

0308 

Si02 

47.54 

41.83 

43.62 

53.54 

46.38 

55.78 

45.5 

45.87 

53.28 

56.03 

Ti02 

1.24 

2.72 

1.96 

0.71 

2.47 

1.14 

3.17 

2.50 

2.38 

1.04 

AI203 

4.85 

4.42 

1.76 

15.37 

17.11 

17.15 

16.06 

21.08 

13.81 

18.21 

Fe203 

10.62 

26.99 

24.35 

10.88 

17.27 

9.35 

17.28 

14.40 

14.61 

7.54 

MnO 

0.17 

0.32 

0.29 

0.18 

0.17 

0.13 

0.16 

0.11 

0.23 

0.14 

MgO 

11.62 

11.22 

15.46 

7.76 

3.76 

2.07 

3.68 

1.74 

1.61 

4.21 

CaO 

21.02 

12.17 

11.27 

7.15 

8.26 

7.80 

9.62 

9.58 

6.50 

8.14 

Na20 

0.08 

0.26 

0.16 

2.63 

3.40 

3.75 

3.16 

3.54 

3.79 

2.86 

K20 

0.01 

0.16 

0.02 

0.63 

0.60 

1.49 

0.42 

0.33 

1.68 

1.25 

P205 

0.012 

0.07 

0.006 

0.08 

0.10 

0.13 

0.08 

0.033 

0.69 

0.25 

Cr203 

0.011 

0 

0.028 

0.014 

0.014 

0.004 

0.01 

0.01 

0.002 

0.014 

n/n 

2.52 

0.24 

0.63 

0.36 

0.11 

0.23 

0.18 

0.27 

0.7 

0.17 

CyMMa 

99.7 

100.44 

99.53 

99.30 

99.61 

99.0 

99.28 

99.47 

99.3 

99.8 

Li 

9.8 


6.5 

5.6 

6.3 

9.5 

5.4 

4.2 

9.2 

21.6 

Sc 

47.2 

99.4 

83.4 

19.1 

25.0 

22.9 

16.1 

17.2 

28.4 

21.1 

Ti 

7476 

14754 

10548 

4175 

12589 

6228 

17041 

13734 

11117 

5711 

V 

725 

989 

2335 

234 

935 

281 

1675 

1112 

27.2 

160 

Cr 

105 

103 

159 

119 

71.3 

11.3 

17.8 

50.3 

11.4 

122 

Mn 

1339 

2136 

2145 

1458 

1109 

888 

1147 

737 

1525 

838 

Co 

32.7 

103 

151 

73.8 

76.4 

32.1 

81.8 

71.0 

21.9 

23.2 

Ni 

104 

156 

150 

94.2 

124 

28.1 

103 

151 

8.87 

14.6 

Cu 

79.4 

189 

55.5 

62.5 

171 

87.2 

148 

403 

15.4 

13.4 

Zn 

41.3 

139 

126 

85.9 

103 

79.8 

113 

88.4 

149 

86.3 

Ga 

10.0 

14.8 

4.5 

18.1 

26.8 

22.9 

25.1 

27.9 

22.4 

19.2 

Rb 

0.52 

3.38 

2.26 

17.4 

20.9 

60.1 

14.1 

8.73 

48.3 

37.9 

Sr 

16.5 

41.3 

21.7 

295 

365 

304 

292 

406 

306 

537 

Y 

13.6 

22.6 

8.97 

10.6 

10.6 

23.1 

11.1 

5.01 

33.6 

22.4 

Zr 

55.1 

32.3 

18.3 

52.9 

51.5 

143 

44.9 

24.0 

115 

93.3 

Nb 

1.85 

1.94 

2.89 

2.66 

3.03 

6.60 

2.76 

1.58 

9.03 

9.35 

Mo 

0.31 

0.69 

0.41 

0.38 

0.44 

1.26 

0.57 

0.32 

1.75 

0.73 

Cs 

0.04 

0.20 

0.12 

0.66 

0.64 

1.33 

0.51 

0.29 

1.52 

1.44 

Ba 

14.2 

43.0 

16.5 

255 

298 

524 

220 

200 

611 

538 

La 

3.7 

7.35 

2.29 

10.1 

13.6 

24.7 

9.02 

6.01 

31.8 

28.7 

Ce 

10.7 

17.1 

7.2 

20.7 

22.6 

50.2 

18.6 

10.8 

76.6 

60.6 

Pr 

1.63 

2.42 

1.15 

2.40 

2.65 

5.83 

2.19 

1.21 

8.94 

7.36 

Nd 

8.08 

11.6 

5.55 

9.62 

10.2 

22.0 

8.79 

4.74 

36.0 

29.1 

Sm 

2.15 

3.09 

1.49 

1.91 

2.00 

4.31 

1.83 

0.94 

7.31 

5.44 

Eu 

0.43 

0.91 

0.26 

0.66 

0.87 

1.25 

0.72 

0.65 

2.54 

1.67 

Gd 

2.36 

3.39 

1.60 

1.79 

1.85 

3.82 

1.78 

0.82 

6.69 

4.47 

Tb 

0.39 

0.55 

0.25 

0.29 

0.29 

0.60 

0.28 

0.12 

0.98 

0.65 

Dy 

2.41 

3.48 

1.57 

1.78 

1.68 

3.57 

1.71 

0.81 

5.74 

3.65 

Ho 

0.47 

0.72 

0.33 

0.38 

0.35 

0.74 

0.36 

0.16 

1.16 

0.73 

Er 

1.26 

1.95 

0.86 

1.12 

0.97 

2.11 

1.03 

0.46 

3.15 

2.00 

Tm 

0.18 

0.28 

0.13 

0.17 

0.14 

0.31 

0.15 

0.07 

0.45 

0.29 

Yb 

1.08 

1.82 

0.80 

1.09 

0.90 

2.04 

0.95 

0.42 

2.77 

1.83 

Lu 

0.16 

0.28 

0.12 

0.17 

0.13 

0.30 

0.14 

0.06 

0.42 

0.27 

Hf 

2.24 

1.04 

0.62 

1.37 

1.36 

3.62 

1.21 

0.67 

3.30 

2.50 

Ta 

0.22 

0.47 

0.28 

0.22 

0.23 

0.52 

0.52 

0.22 

0.96 

0.57 

Pb 

2.32 

2.38 

2.33 

4.05 

4.34 

14.0 

4.18 

4.43 

9.43 

8.17 

Bi 

0.12 

0.10 

0.09 

0.05 

0.09 

0.18 

0.07 

0.15 

0.12 

0.09 

Th 

0.54 

1.85 

0.36 

2.57 

2.25 

7.89 

2.24 

1.12 

6.50 

3.80 

U 

0.17 

0.27 

0.11 

0.75 

0.73 

2.12 

0.51 

0.31 

2.17 

0.94 







npHMeHaHHe. Ho\iepa oGpa3noB cootbctctbviot: 0301.2101/2. 0302 — n h po KceHHTbi . 0303 - 
HopHTbi. 0304 - jieHKoraoopo. 0305. 0321/1- MOHiKxaHopuTbi. 0306- THTaHOMarHCTHTOBbie 
neHKoraoopo. 0307- THTaHOMarneraTOBbie raGopo. 0308 - ra66po;iHopHTbi JlyicrypcKoro 
MaccHBa. 


CpeOT BbicoK03apfl;iHbix 3jie\ieHTOB OTvienaioTCH BbicoKne koh ne hT pa uhh U h Th. 
PaccMOTpeHHe cneicrpoB pacnpe^ejieHHa TOJibKO pe^K03eMejibiibix 3JieMeiiTOB tjjiji nopoa 
HHTpV3HBa TaKHCe CBH^CTeJlbCTByeT O HaJIHHHH HCTbipCX pa3HbIX THnOB (pnc.3.23). /I Ba H3 HHX 
oneHb 6jih3kh - 3to cneKTpbi nopo/i, cjiaraiomHx ochobhoh o6i>eM HHrpy3HBa (nopo/ibi 11 h III 
rpynn). Ohh xapaKTepn3yioTCfl AOBOjibHO hh3khmh OTHOiueHHflMH Gd/Yb. mchhioiuhnihcji b 
nopo/iax BTOpon rpynnbi b y3Knx npeaejiax - or 1.87 j\ o 2.06 (b nopoaax rperben rpymibi aaHHoe 
cooTHomeiiHe ne npeBbiiuaeT 1.6). TaKHM oopa30M. cneKTpbi P33 b ^Byx rjiaBiibix rpynnax nivieioT 
HeCKOJlbKO pa3J!H l IHbIH HaKJlOH B OOJiaCTH TJOKeJIbIX pe^KHX 3e.MeJlb. ripn 3TOM CymeCTBCHHO 
cGjwwaeT o6e rpynnbi HajiHMne eBponneBoro MaKCHMyMa. Tperaii Tnn cneKrpoB pacnpe.ae^eriHH 
pe^K03eMe^bHbix 3Jie\ieHTOB b uejiOM no HaKjiony n xapaKTepy 6 jih30k k onncaHHbiM AByM 
npe^biAyuiHM, no on npaKranecKH Jirnnen Eu anoMajinn n xapaKTepH3yeTca Gojiee bmcokhmh 
ko nnenTpann hmh bccx peaKOTCMCJibHbix ojicmchtob. I aKon Tnn pacnpe^ejienn>i P33 xapaKTepen 
Tina Moimo/anopuTOB, jia\inpo(f)npoB IV rpynnbi nopo,n, KOTopaa, tcm ne Menee, HMeeT cxo/jctbo c 
rjiaBHbiMn pa3nocTHMH nopo;i, cjiaraiomuMH nnTpy3HB. H naKOHen. neTBepTbin ran cneKTpa 
npncym impoKcenmaM H3 KcenojinroB I rpynnbi nopoa. KaK w cnemp pacnpe;iejienna Bcex 
3JieMeiiTOB-npH\ieceH, on Taoce orannaeTca no P33 ot Bcex ocTajibiibix nopo,a. B neM 
o6napy>KHBaeTCfl oGe;uieime JIP33 n orpnnaTejibnaa eBpoiweBaa anoiviajina. OaHaKO 
ranojiorHHecKoe cxotictbo bccx pacc.vioTpeHHbix cneKTpoB omcbh^ho (ecjin HCKjnoMHTb H3 
paccMorpennH raxne 3JieivieHTbi. KaK Sr n Eu. orpawaiomne npenMyinecTBenno Bapnaunn 
nopo^oo6pa3yK)iunx MHHepanoB b nopoiiax. ocoGchho njiarHOK-ia3a. 

Cyjib(|)HOTbie py;ibi xan.ibKonnpHT-nupHTOBoro. nnpporaH-xajibKonnpHTOBoro, GopHHT- 
xajibKoimpnroBoro cociaBa npnypoHeiiB k no/ioni Ben noil Haem MaccnBa: BKpanajieuiibie 
ji0KajiH30BaHbi b raGGpon^ax, a HCHJibHbie (TaKace OKpyaceHiibie opeojiOM cyjib(|)HAiion 
BKpanjieHHocTn) - b necMaHHKax. OTMenaioTca e^HHHMHbie 30Hbi THTaHOMameraTOBbix py.n, 
oGorameiuibix cyjib(j)nziaMH, n b ueHTpanbHon nacra MaccnBa. 

3.3.2. /JtoMmajieucKuu Maccus mi Taitubip 

TboMTajieHCKHH paHHeTpHacoBbin \iaccMB, pacnojiO/KeHHbiH b oo.iacra io>KHoro oopaM.ieHHa 
TanMbipcKOM CKjiaanaTOH oG.iacm, Ha cTbixe ee c EHncen-XaTaHrcKOH ph(J)toboh chctcmoh, oGjia^aeT 
yaHBHTejibHbiM \iHHepajioro-neTporpa(J)HHecKHM cxoactbom c na.ieonpoTepo3oncKHM Muhchckhm 
M accMBOM. Oh Gbui ooHaov/KeH b xoae reojiorHHecKHx oaooT non 3aBeoKe JIvKTaxcKoro oernoHajibHoro 



rpaBHrauHOHHoro \iaKCHMy\ia. b annueHTpe Koroporo h 6biji BCKpbiT \iaccHB bcpjiht-kjihhouhpokcch- 
ra66poBoro cocraBa c THTaHOMarHeTHTOBbiM h cyjib(|)H;iHbiM \ienHO-HHKejiCBbiM opyaeHeHneM. 

PaccMaTpHBaeMaa JlyKTaxcKaa nnoiuajb. rae Ji0Kann30BaH HHTpy3HB, Ha 80-90% 
nepeKpbua Me3030HCK0-KaiiH030HCKHM nexjiOM ocajxonnbix nopoji. ri03T0My mbcchb H3yneH 
npcHMyrnccTBCHHo no cKBa^cHHaM. IlaHoojibmHH Hmepcc npe^CTaBJiflioT pc3yjibTaTbi 6ypeHH« 

ckb. Jin-1 h Jin-, a Taoce Tn-52 h Tn-43. OjwaKO b cbjbh c 6ojibinoH OTjjajieHHOCTbio cKBa>KHH 
zipyr ot apyra (18-20km), npocjiejmTb ocooennocTH BnyTpemiero cTpoeima MaccuBa nocTaTonno 
Tpy^HO. Bojiee Toro, B03HHKaer Bonpoc o npHnajuiOK hocth Bcex BCKpbiTbix Hirrpy3HBnbix uopojx k 
o^HOMy MaccHBy. Be3 aeTanbHbix reoxHMHHecKnx HCCJieaoBaHHH Taxaa pa6oia npejjCTaBjiaeTCfl 
HCB03M0>KH0H. B HaCTOHlUHH MOMCHT BBTOpOM H3VHCHbI nopOJJbl H MHHepa.3H3aUHH no CKB. Jill 1. 
Pa3pe3 HHTpy3HBHbix iiopo/i no 3toh CKBaKHHe HNieer ^Bynjiennoe crpoenne: hhhchjui nacib 
COCTOHT BepJIHTOB, impOKCCHH TOB, BCSCTCpHTOB, JiepHOJIHTOB, a BepXHHH - cymccTBCHno 
npeoGjia^aiomHx Tpaxmon^nbix h MaccHBHbix raoGpo. cMeimomHxcfl (cBepxy bhh3) ot 
6c30JIHBHHOBbIX J\0 OJIHBHHCO/iepXCamHXX. FlopOJlbl BCpXHCH HaCTbK) XapaKTCpH3yiOTCfl 
OTHCTJ1HBOH paCCJIOCHHOCTblO - «[ paBH raHHOHHOM CTpaTH(|)OpMHOCTbK)» , IipH KOTOpOH BHH3aX 
OTTicjibHbix cjiocb k no/iouiBe npoHCXO^HT naKonjiCHHC THTanoMarneTHTa. 3Ta nacTb pa3pc3a 
y;iHBmejibno nanoMnnaer paccjioennocTb MnnencKoro MaccHBa - no xapaicrepy paccjioennocTH, 
pa3Mepy phtmob, cocTaBy nopojiooSpaiyioiiiHX MHnepanoB. llopojibi cjioncenbi njiarnoKJia30M, 
nnpoKceHOM n THTanoMarneTHTOM, /uih KOToporo xapaicrepHbi crpyKrypbi pacnazia pa3Hbix 
nopazucoB, r;ie b MarnexHTOBOH Marpnne naojiiojiaiorca njiacnniKH HJibMeimra n Bbi;iejienn« 
yjibBOiunHHejiH.OTMeHaiOTCfl ne6ojibnine no moiuhocth (0.3 m) cjioh cruioninbix 
THTanoMarneTHTOBbix py jx ( na niyGmie 1380 m), nacro ohm b 3tom nnrepBajie cojic\ta<c\t 
noBbimeHHbie KOHueHTpaunn cyjib(J)HAOB. 

no ziaHHbiM OOO «HopnjibCKreo;iorHH» b BepxHux nacrax ckb3>khh Tn-52 n Tn-43 

3a/lOKyMCHTHpOBaHbI mC-TOMHbIC nopoabl -MOHUOraOOpO. MOHUOHHTbl, CHCHHTbl (KOKOpHH, 1998 
(|)). XapaKTepH3yfl n3Men mhbocti> coomomennH nopo < aoo6pa3\Touinx okhcjiob b BepTHKajibHOM 
paipe3e ^fOMTanencKOH hhtpv3hh (ckb. Jill-1, Ta6ji.4.3) OTMenaioTca c.ie^yiouine xapaKTepiibie 
ocoOennocTn noBeaeHHfl okhcjiob ot no^onjBbi k KpoBJie urn py3HBa: CHH>KeHne okhcjiob Mam ha 
(ot 26% jio 0.65%), >Kejie3a (ot 26.87% ^o 0.90% cyMMbi Fe0+Fe203 ), npn noBbiineHHH pojin 
okhcjiob KpeMHHH (or 32.03% jio 70.60%). narpna h Kajina (b cyMMe ot 0.95% jio 7.43%). 

06men Ten^eHUHeH b HanpaBJieHHH tbojuouhh pacnjiaBa. ncxojmoro jma JJioMTajiencKoro 
HHTpy3HBa. ABjiaeTOi a6cojnoTHoe ooorameHne Hcejie30M Ha ochobhom 3Tane KpncTajuiH3au;HH, a b 
3aKJIK)MHTeJIbHOM (n03JJHeMaTMaTHHeCKOM) - KPCMHC3CMOM H meJIOHaMHl BblHBJieHHblC MCpTbl 
3BOJHOHHH pacruiaBa h cootbctctbchho - xapaicrep OTpa>Kaiomero hx rpeHjia Ha cra/mn 
(J)opM h poBan h h nopoji yjibTpaocHOBHOH, raoopoBon ((Jjeppo-raoopoBon) h raoopo-jwopHTOBOH 



CepHH I103BOJ15UOT CpaBHHTb /],K3MTajieHCKHH HHTpy3HB C MHHeHCKHM. a X3FOKe CO CKaepraa/ICKHM, 
Cpe;iiieeprajiaxcKHM b npeaeaax HopnabCKoro njiaxo. a xaioice TyjraH-KHpaKCKHM Ha TaHMbipe. 

Ha (J)One xpeiiaa CKaepraapac ko ro xnna xohkh cyomejiOMiibix chchhxob h rpaiiocHeiiHxoB 
/lioMxaaeHCKoro HHxpyxnBa oopa3yiox aBXOHOMHyio BexBb, opHeurnpoBaHnyio b cxopoHy 
noBbiuieHHbix coaepacaHHH SiCB (pHC.4.9). no Bcefi BepoaxHocxH 3 xh o6pa30BaHHsi mojkho 
paccMarpHBarb b KaneciBe npoH3BoaHbix "pacKHcaennoH” 3a cm ex BMemaiomHx nopoa nopunfi 
pacnaaBa. CBHaexeabCXBOM xoMy flB.iaexca HacbimeHHOcxb KceHoa hxbmh anoxeppHreHHbix 
poroBHKOB h MexacoMaxHXOB BepxHHX Hacxefi MaccHBa. B 3tom oxhoiuchhh oh o6Hapy>KHBaex 
cxoacxBo c HHxpy3HeH TyaaH-KnpaKa. rae ee KpoBaio caaraex moiuhmh ropH30Hx rpaHHxoHaoB 
(Kokophh, 1998(]>.). TaioKe Haomoaaiorcsi MomHbie xoamn MexaMop4»H30BaHHbix BMemaiomHx 
nopoa (6oaee 400m), xax b KpoBae, xax h b noaoujBe HHxpy3HBa. 

CnaouiHbie cyab(j)Hanbie MeaHo-iiHKeaeBbie pyabi oxMeHenbi b HHxpeBaae 1579.95-1583.3 m 
h npHypoacHbi k 30He nerMaxonaoB ocHOBHoro cocxaBa (hhx. 1578.7-1583.3m), cao>KeHHbix 
6e3oaHBHHOBbiMH aeHKOi a66po h aHoaorHHHbi no xeKcxypHO-cxpyicrypHbiM oco6chhocxhm 
aoKajiHxauHH, npownaKy. MaKCHMaabHbie coaepwaHna npoMbimaeHHbix komhohchxob no 
aaHHbiM xHMHnecKoro h npo6npnoro 3HajiH30B cocraBasnox: Cu - 1.68%; Ni - 1.47%; Co - 
0.096%; Pt - 0.51r/x; Pd - 1.02r/x; Au - 0.17r/x; Ag - 1.65 r/x. Bbiaeaaioxca caeayioiane 
MHucpaabHbie accounanMH b cyabc|)Haax: -MHaaepHx-noaHaHMHxoByio, -xoaoxo-naaxnnoByio,- 
c(j)aaepHX-raaeHHXOByio (bo jmo>kho c nHpnxoM), -KOBeaaHH-GopiiHX-xaabKOXHHOByio. 

/],Be nocaeaHHx hbho onHreHexHMecKHe. MHaaepHx-noaHaHMHxoByio mo>kho BMecxe c 3oaoxo- 
naaxHHOBOH oxnecxH k nocaeanHM cxaaHHM CHHienexHHecKoro pyaooGpaxoBaima. MnaaepHx h 
noaHaHMHx jaMemaiox xepHHcxbw neHxaaHaHx. 

PaccMOxpeHHbie nepxbi BnyxpeHiiero cxpoeiiHS) h ocoGeimocxeH opyaeneiiHa 
/lioMxaaencKoro MaccHBa. xax yace oxMeMaaocb. npaKXHHecKH no BceM napaMexpaM conocxaBHMbi 
c xaxoBbiMH MHHeficKoro MaccHBa. oxaHnastCb ox Hero (xuibiiiHM coaepwaHHeM oaHBHHa b hhwiich 
nacxH (npH MoaeaHpoBaiiHH npoueccoB KpncxaaaH3auHH nopoa MmieHCKoro MaccHBa 
ycranoBaeno. wro xatotce nepBOH aHKBHaycHOH <|>a30H 6bia oaHBHH b hophxoboh cepun). OaHaKO 
H3yneHne reoxHMH i iecKHX oco6cHHOcxen nopoa BbisiBHao coBepuieHHO npHHunnHaabHbie oxaHHHsi 
TlioMxaaeHCKoro HHXpy3HBa ox MHHeiicKoro (Ta6a. 3.5. 3.6). 

OpH paccMoxpeHHH cnexxpoB pacnpeaeaenna peaxnx saeMeuxoB, Koxopbie noKasaHbi 
BbiGopoHiio aaa nopoa, 6 bh3khx no cocxaBv aaa aByx MaccHBOB - .KioMxaaeHCKoro (phc.3.23 A) h 
Mhhchckoxo (pnc.3.23 B) , a hmchho aaa XHxaHOMarHexHrcoaep>KauiHX raooponaoB. ornexanBO 
BHaHO, HXO OHH OXHOCHXCfl K COBepiIieHHO pa3HbIM reOXHMHHeCKHM XHTiaM. ^lOMxaaeHCKHe 
nopoabi 6bian ccjsopMHpoBanbi H3 hphmhxhbhoh Mar.Mbi. 6aH3KOH no cocxaBy k ryaHHxnncKOH (cm. 
FaaBy 2). /(asi hhx XHiiHaen xpyxoH HaKaoH npaBOH nacxH cneKxpa, ocooenno b o6aacxH xsoxeabix 



pejjKHX 'jeMejib, cBH.aeTejibCTByioiuHx o rjiy6HHHOCTH hx (JjopMHpoBanHH, a hmchho BbinjiaBjieiiHe 
MarM H3 HCTOHHHKa, co,aep>Kamero rpaHaT. 3th cneicrpbi (nojiHocTbio ziaHbi Ha pnc. 3.17 ) He 
HMeiOT KOpOBbIX npH3HaKOB - OTpHliaTe.TbHOH TaHTaJl-HHOOHeBOH aHOMaJIHH, OOOrameHHOCTH 
KpynHOHHHbIM H JIHTO(|)H;ibHbIMH 3Jie\ieHTa\fH. FIOJIOHCHTeJIbHafl CBHHUOBafl aHOMaJIHfl BbI3BaHa 
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Phc. 3. 23. CneKTpbi pacnpe.aejieHHH pe^KHx TJieMenTOB b nopo^ax fliOMTajieHCKoro (A) h 

HwHencKoro (B) MaccHBOB 



TaojiHua 3.6. CocTaB nopon JtioMTajiencKoro MaccHBa 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

N2 

o6p. 

1118 

1165 

1182.8 

1192 

1194 

1413 

1421 

1474.2 

1510 

1649 

1663 

1678 

Si0 2 

44.23 

43.98 

40.97 

50.21 

43.90 

43.61 

46.14 

42.15 

35.53 

29.35 

37.93 

47.70 

Ti0 2 

4.02 

4.10 

4.66 

1.56 

3.79 

0.96 

1.99 

1.26 

2.89 

5.02 

2.03 

1.64 

ai 2 o 3 

13.82 

14.48 

12.84 

25.24 

14.55 

7.62 

6.47 

3.57 

5.37 

4.63 

3.58 

9.91 

FeO 

15.00 

15.09 

19.44 

6.05 

14.90 

17.20 

12.65 

19.47 

27.75 

35.79 

25.70 

14.43 

MnO 

0.17 

0.17 

0.20 

0.06 

0.20 

0.29 

0.22 

0.29 

0.34 

0.33 

0.21 

0.18 

MgO 

6.21 

6.29 

7.03 

1.12 

6.39 

21.74 

15.95 

25.71 

22.87 

18.52 

18.72 

14.75 

CaO 

12.71 

12.69 

12.36 

10.60 

13.05 

6.85 

15.38 

7.85 

3.55 

5.21 

11.73 

10.35 

Na 2 0 

2.60 

2.50 

2.09 

4.40 

2.43 

1.26 

0.86 

0.46 

0.88 

0.67 

0.30 

0.45 

K 2 0 

0.35 

0.28 

0.25 

0.42 

0.24 

0.11 

0.08 

0.06 

0.21 

0.05 

0.03 

0.39 

P2O5 

0.69 

0.31 

0.21 

0.28 

0.24 

0.05 

0.08 

0.03 

0.17 

0.10 

0.02 

0.04 

CyMMa 

99.79 

99.88 

100.04 

99.94 

99.69 

99.69 

99.83 

100.84 

99.56 

99.67 

100.23 

99.85 

Rb 

5.93 

4.64 

6.51 

9.62 

8.60 

2.72 

1.83 

6.77 

5.74 

1.10 

0.52 

20.39 

Ba 

243 

181 

137 

226 

350 

75 

47 

164 

88 

39 

14 

209 

Th 

1.30 

0.69 

0.50 

0.29 

0.98 

0.39 

0.37 

0.23 

0.93 

0.31 

0.16 

0.76 

U 

0.40 

0.23 

0.17 

0.15 

0.27 

0.11 

0.13 

0.10 

0.30 

0.12 

0.04 

0.43 

Nb 

13.10 

10.70 

7.52 

3.27 

7.02 

4.65 

3.50 

2.25 

6.75 

6.56 

1.20 

3.11 

Ta 

0.93 

0.75 

0.54 

0.26 

0.46 

0.30 

0.26 

0.18 

0.44 

0.43 

0.10 

0.23 

La 

27.5 

11.2 

8.3 

3.9 

15.6 

4.4 

5.6 

2.9 

8.2 

4.5 

2.1 

6.6 

Ce 

65.5 

27.8 

21.0 

6.7 

31.3 

9.6 

15.6 

4.9 

18.6 

10.5 

6.7 

13.7 

Pb 

0.46 

5.80 

7.81 

6.47 

33.90 

1.03 

0.88 

4.71 

14.35 

2.76 

0.10 

11.12 

Pr 

8.77 

4.18 

3.29 

0.74 

3.94 

1.35 

2.61 

0.53 

2.45 

1.48 

1.22 

1.84 

Nd 

40.6 

20.5 

17.4 

2.6 

16.8 

6.7 

14.2 

1.9 

11.3 

7.3 

7.3 

9.2 

Sr 

804 

884 

771 

542 

2074 

259 

301 

403 

174 

233 

109 

428 

Sm 

9.37 

5.48 

4.77 

0.46 

3.33 

2.02 

4.13 

0.34 

2.64 

1.86 

2.38 

2.61 

Zr 

142 

103 

80 

32 

66 

34 

64 

23 

75 

55 

31 

43 

Hf 

4.02 

3.03 

2.43 

0.94 

1.70 

1.12 

2.27 

0.71 

1.91 

1.59 

1.28 

1.57 

Eu 

2.64 

1.95 

1.64 

0.63 

1.85 

0.61 

1.35 

0.46 

0.80 

0.64 

0.79 

0.91 

Gd 

8.53 

5.65 

4.69 

0.40 

2.85 

2.21 

4.47 

0.29 

2.64 

1.85 

2.74 

2.85 

Tb 

1.19 

0.77 

0.68 

0.06 

0.38 

0.33 

0.65 

0.04 

0.38 

0.25 

0.38 

0.41 

Dy 

6.29 

4.34 

3.81 

0.32 

1.98 

2.20 

3.64 

0.23 

2.21 

1.39 

2.12 

2.32 

Ho 

1.07 

0.77 

0.67 

0.05 

0.33 

0.38 

0.64 

0.04 

0.41 

0.25 

0.38 

0.43 

Y 

27.8 

19.8 

16.5 

1.5 

9.1 

10.2 

15.5 

1.1 

10.9 

6.2 

9.0 

12.1 

Er 

2.74 

1.95 

1.66 

0.15 

0.86 

1.09 

1.49 

0.13 

1.09 

0.58 

0.87 

1.21 

Tm 

0.34 

0.24 

0.21 

0.02 

0.09 

0.13 

0.18 

0.02 

0.15 

0.08 

0.11 

0.17 

Yb 

2.04 

1.55 

1.22 

0.19 

0.66 

0.95 

1.09 

0.14 

1.01 

0.50 

0.63 

1.12 

Lu 

0.23 

0.20 

0.17 

0.02 

0.08 

0.14 

0.14 

0.02 

0.15 

0.07 

0.08 

0.15 

Ni 

116 

138 

210 

720 

130 

1095 

435 

542 

1322 

2375 

2098 

521 

Cu 

148 

199 

246 

2093 

477 

199 

23 

1539 

224 

2774 

1732 

361 

Co 

142 

103 

80 

32 

66 

34 

64 

23 

75 

55 

31 

43 


npHMenaHHe. Okhcjim - \iac.%. 3Jie\ieHTbi-ppm. oop. - r.ivoHHa no ckb. JIfI-1. 









5 


4 

3 

2 

1 

0 


(La/Sm)n ^ 


♦ 'Irjmiil ii|h r.*4 

■ H'Jf'll 1 



a 1 #4114*- iK’vr y 
4 1 • '$*’1/ 

■ 'III 1- 

: > .4< 

r>i>«h|ii«« C>«|ihi^iHM 

• IIit*n*1#%h-i«o«ii'i «iui •♦• 
iJS 

V«kw^i r|iim.« • *>•/i '■ 
M^pOPtOH Mil* 

HlC^Mf U»IIA*<Mlll 
'IlMlVlItlBIMidOIH 

{Gd/Yb)n 


i 


2 



Phc. 3 . 24 . ^narpaMMa (La/Sm)n - (Gd/Yb)n ana nopoa MHHCHCKoro. /lioMTaaeHCKoro h 

MaccHBOB HopHJibCKoro pafioHa 


npHcyTCTBHeM cyab(|)naoB b nopoaax. 

B to a<e BpcMa aHajiorHMHbie noponbi Mhhchhkoto MaccHBa xapaKTepHTyioTca wepTaMH, 
npHcyuiHMH nopoaaM xopbi - orpHuaiejibiioH Tairraa-HHoGHeBOH aiiaoMajiHeii. KpyrbiM naKJionoM 
H JieBOH M3CTH CnCKTpa H nOJlOTHM - ripaBbIM. CGaHWaiOT npHBCACHHblC CriCKTpbl paillbix 
MaCCHBOB HajIHMHe CTpOHUHCBOH H THT3H0B0H H0J105KHTejIblIblX aHOMaaHH. MTO oGyCJIOBJIt'HO 
cocraBOM nopoa: nepoGaaaaHHCM naarHOKaaj-THTanoMarneTHTOBoro napareneiHca MHHepaaoB. 

Ha pwc. 3.24 raioKe npoaeMOHCTpHpoBaiibi OTaHHHH reoxHMHMecKHX ocoGeimocTeH 
yionaHHbix nopoa: Ha awarpaMMe (La/Sm)n - (Gd/Yb)n nopoabi flioMTaacHCKoro MaccHBa 
aaHHMaiOT oGocoGaeHHoe noae. b to Bpewa xax hhhchckhc ra66poHabi nonaaaioT b noae cocraBOB 
riopoa HOpHabCKHX HHTpyTHBOB. 

Eme oana iaMe'iareabiiaa ocoGeiiHOCTb jthx MaccHBOB - raaceabiH HjoTonubiH cocTaB 
cep bi (ao 1 1 %o H ecaw tto BnoaHe co aacyeTca c xop cbi« hctohhhko m MarMbi, 
c(])opMHpoBaBineH Hhhchckhh \iaccHB. to 3 tot (fjaicr npecraBaaeTca coBepmeHHO aHOMajibHbiM 
aaa /boMTaaencKoro MaccHBa, KorapbiH H\ieeT Bee npH 3 H 3 KH xiaHTHHHoro ripoHcxo/Kaeiiiia. 
Orcioaa Bi.iTCKaer B 03 \io>KHbm BbiBoa: ne MoryT aw ManTHHiibie cyab(|)Hai>i hmctb ™>KeabiH 
H 30 T 0 nHbIH COCTaB, KOTOpblH paCCMaTpHBaCTCH oGbIHHO KaK npH 3 H 3 K KOpOBOTO ripOHCXO/KaeHHSI 
Cyab(j)HaOB, B MaCTHOCTH. KOpOBOH KOHTaMHHHUHH, npH 3 H 3 KOB KOTOpOH Mb] He BH 3 HM B 
ZliOMTaaencKOM MaccHBe? 




3.3.3. HHtnpy3U6bi Kapeno-KojibCKOZo peeuona 

BnepBbie aBTopoM npoBe^eHbi cpaBHHTejibHo-reoxHMHMecKne nccjie;iOBaHHfl nopoa yjibTpa6a3HT- 
6a3HTOBbIX MaCCHBOB UCHTpailbHOH H3CTH EeJIOMOpCKOrO nOflCa (K)yKHO-KOB^OpCKaH njioma,ab - 
pHC. 3.25), orHeceHHbix paHee k ,apy3HTOBOMy KOMnjieKcy Ha ocHOBaHHH HajiHHHfl b hhx 
KopoHapHbix cTpyKTyp (KpHBOJiyuKaa h .up., 20101.2)- Oopa3Ubi npe^ocTaBJieHbi OAO 
«Myp\iaHCKa5i 3Kcne,uHUHfl». BbimieHa reoxHM HHecKan reTeporcHHocTb H3yneHHbix 
MarMaTHHecKHX Teji. YcTaHOB.ieHo, hto Bee HHTpy3HBbi pa3.aeji5noTCfl na Tpn rpynnbi, 
cpeAHKoropbix ocoobin HHTepec npe„acTaB.iHioT BbicoKOMarHe3najibHbie MaccHBbi, c co;iep>KaHHeM 


*4 ISA 
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Phc. 3.25.Cxe\iaTHMecKaa KapTa Kapeno-KojibCKoro pernoHa (no LLIapKOBy n .ap., 1997) 
YcjioBHbie o6o3HaHeHHfl: 1 - CBeKO(|)enH,ibi, 2 - naneonpeoTep030HCKHH oca/K>Hno- 

ByjiKaHoreHHbie KOMnjieKCbi, 3 - npoMeacyTOHHbie no.aBH)KHbie noaca, 4 - Jlan.naH.acKo- 
YmGhiickhh rpanyjiHTOBbiH none, 5 - apxeficKHH (J>yH/iaMeHT, 6 - paccjioeHHbie MaccHBbi (un(j)pbi 
b KBa^paTax): 1 - MoHMCTyHapoBCKHn n TjiaBHoro xpeoia. 2 - Y\i6apeMeHCKHH. 3 - OeaopoBO- 
riaHCKHH, 4 - KnBaKKCKHH, 5 - EypaKOBCKnn. 6 - ropbi TeHepajibCKOH; 7 - rjiaBHbin JlanjiaHacKHH 
pa3JiOM, 8 - ceBepnaa rpannua BajiTHHCKoro mnTa 











MgO > 20 \iac.%, c noBbiuieHHbiMH KOHueHrpauHHMH xpoMa, xapaxTepn3yiomHecH 

o6orameHHbiMH cneKTpa\iH pacnpeaeaenna peaxnx ajieMemoB c othctjihbo npoaBjicnnoH 
OTpHuaTejibHOH Ta-Nb anoMaanen (THnoMoptjjHbiM aBaaeTca CopxanoxcxnH MaccHB). MHTpy3HBbi 
3TOH rpynnbi BecbMa ojihbkh no reoxHMHH k H3yneHHbiM paccjioeHHbiM njiyTOHaM CeBcpnon h 
Boctohmoh Kapeann (KHBaxxcxoMy, BypaxoBcxoMy) h HHTpy3HBaM KojibCKoro noayocTpoBa 
(pnc.3.25) (MoHHenjiyTOHy h ap.), KOTopbie B3»Tbi 6bian ana reoxnMHHecxnx cpaBHeHnil: H3 
MoHHenayTOHa -cr. TpaBaHaa, r. Hioa, r. Hhtthc, r. Conna, - OeaopoBbix h HaHcxnx Tynap, 
YMbapcMencKoro, a Taxace ra66po-aHopT03HTOB MoHMeTVHapoBcxoro MaccHBa (niaBnoro 
Xpe6ra). KpoMe xoro. 6bum ncnoabSOBaiibi npeacTaBHTeabHbie o6pa3U,bi nopo;i H3 pa3JiHHHbix no 
cocTaBy 3 oh xpynHbix nayTOHOB Kapeann - EypaxoBcxoro h KnBaKKCKoro, ripeaocraBae n n bi e 
aBTopa.M I'.C.HnKoaaeBbiM h 51.B. BbinxoBon (rEOXH PAH). 

Kax npaBnao. H3yneHHbie Teaa npcaciaBaaioT cooon xpynHbie MaccnBbiaaaeraiomHe b Bnae 
cy6BepTHxaabHbix naacTOBbix HHTpy3HBOB. B.\iecre c BMemaioinn m n nopoaaMH ohh nperepiiean 
paiiion CTeneHH MeTaMop(|)nwecxne npeo6pa30BaiiHa: ot non™ iiemMenemibix nopoa 
h apyrne 6ojiee Meaxne (Bcero H3yneHO 19 MaccnBOB lOacHo-KoBaopcxon naomaan). 

THnoMop(})iibiM aBaaeTca xpynHbin (npoTflaceimocrbio ao 7 xm h Moianocrao oxoao 1 5 
xm) naacTHHOo6pa3Hbin xpyT03aaeraioinHH mbcchb p. Copxanoxn. BbirHHyTbin b ceBepo-3anaaHOM 
HanpaBaeHHH n cexymHH cxaaawaibie crpyxiypbi apxencxnx mencoB. On caoacen 
npeHMymecTBeHHO cboxhmh Meaxo-cpeaHe3epHHCTbiMH yabTpaocHOBHbiMH nopoaaMn c 
noaHHHeHHbiM xoannecTBOM ochobhwx paTiioBnanocTen c MaccHBiibiMH TexcTypaMH. B ero 
cocTaBc npeo6aaaaiOT aepuoaHTbi. peace BCTpcaaioTca naarnoxaaBOBbic BeocrepHTbi n 
TpoxToaHTbi, oaHBHHOBbie ra 66 poHopHTbi n rapnSyprmbi. OanBHii b nopoaax (15-75%) o6pa3yer 
xax xpyniibie nanoMopcjHibie xpHcraaabi pa3MepoM ao 1.5 mm. Tax h Meaxne oxpyrabie 3epna (0.2- 
0.5 mm) b Bnae nonxnamoBbix BxaioseiiHH b nnpoxceHe. peace - b naarnoxaa3e. CocraB ero 
BapbnpyeT b npeaeaax Fo 8 i i-gaa- Coaepacanne xanHonnpxceHa (Eriiq Fss Wo 46 ) cymecTBeimo 
MenaeTca b nopoaax, aocrnraa 75% ot oobCMa nopoabi. OpTonnpoxceH (Enxi-xj Fsu -17 W02-5) 
naoaioaaerca b Bnae oecuBernbix yaanHeHHbix xpncTaaaoB pa3MepoM ao 1 mm (5-55%). 
1 loancniiTeTHMecxH caBonnnxoBaimbie 3epna naarnoxaaja (An 5 7 . 5 <>) Bbinoanaior HmepcTnunn 
Meacay TeM ho hbcth mmh MHHepaaaMH, a Taxace o6pa3yioT nonxnanTOBbie Bxa 10 Henna b 
nnpoxceHax. MaxcnMaabHbie xomieHTpaunn ero b nopoaax He npeBbimaiOT 20 %. B paae 
o6pa3HOB 3epna oanBnuoB n. HacTHwno. opTormpoxceHOB na rpannue c naarnoxaa30M wacro 
oxpyaceribi tohxhmh (< 0.02 mm) oaHOcaonHbiMn nan aByxcaonHbiMH xanMaMn a.\i(J)H6oa- 



rinpoKceHOBoro cocTaBa, oopa3\« kopohhtobvio, hjih ^py3HTOByio, CTpyicrypy. OGbeivt KafiM 
MO>KeT ziocTHraTb 55% ootervia nopojibi. Bo Bcex oopa3ixax oTMenaeTca paBHOMepnaa \iejiKaa 



Phc. 3 . 26 . CxeMaTHMecKaa reojiorHMecKaa KapTa I()>KHo-KoB.aopcKOH njiomaaH 

YcjioBHbie o6o3Ha i ieHHH: 1-2 - KOMruick'c ocHOBaHna (AR2) - 1 - njiarnorHencbi GnoTHTOBbie, 2 - 
aM(|)H6ojinTbi; 3 - y:ibTpa6a3HT-6a3HTOBbie MaccHBbi (PR1 - cyMHH), 4 - rpaHHTbi 

njiarHOMHKpoKJiHHOBbie h mhK poK-i hhob bie (PR1 - Kape.iHH). 5 - pa3pbiBHbie napyineHHfl, 6 - 
npoobi h hx noMepa. 

BKpanjieiiHocTb xpoMHTa (1-3%). coaepyKanne Cr 203 b kotopom aocmraeT 46.8 Mac.%. Bjih3ok no 
cocTaBy zm(J)cl>cpeHUHaTOB k onncaHHOMy Bbiine FIohohbckhh \iaccnB. b ctpochhh KOToporo 
npeoGjiaziaioT ojiHBHHOBbie raoopoHopnTbi h raoopoHopnTbi. 
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Phc. 3.27. CneKTpbi pacnpe.ae.ieHHa pe;iKHx 3-ieMenTOB b paccjioeinibix MaccHBax 











/lerajibiiaa xapaierepHCTHKa c rpoenna h H30Tonno-reoxHMHHecKHe aaHHbie hjih 3TajiOHHbix 
MaccHBOB, vKa3aHHbix Bbiiue (MoHHen.iyTOHa. rjiaBHoro xpeoia h ^p.) ziaHa b ^ByxTOMHHKe B.O. 
CMOJibKHHa c coaBTopaMH (2004). no3To\iy 3,necb He npuBounTca. I Ipe^cTaBnaioTc^ TOJibKo 
reoxHMHHCCKHe HOBbie ^aHHbie aBTopa. noJiyHeHHbie juw 3thx hhtp\’3hbob, KOTopbie hmc k) 
onpe^ejiHHyio ueHHOCTb, nocKOJibKv 6 wji onpe.ieH ujhpokhh cneicrp 3;ie.\ieHTOB b otjihhhc ot 
npeAbi.avmnx pa6oT no AamioMy pernoHy. rjxe jx aioTca cneKTpbi TOJibKO pe,UK03eMejibHbix 
3JieMeHTOB. 

floeedeHue pedxux aneMenmoe e nopodax uHmpy3ueoe Kapeno-Konbcxoao peeuoHO 

AnajiH* pacnpe/iejieHHH pe;iKHX 3JieMeHTOB b nopodax paccnoenubix njiyroiiOB w 
MaccHBOB zipy3HTOBoro KOMnjieKca, a TaKHce hx cpaBHHTejibnaa xapaKTepncTHKa BbinojiHCHbi c 
noMombK) nocxpocHH« cnaftaep-flHarpaMM, nojiyneHHbix HopMHpOBaHHeM coflepacaHHH 3 jicmchtob 
b nopodax k cojiep>KaimflM b npnMH thbhoh mbhthh. 
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Phc.3.28. CneKrpbi pacnpe,TejieHHfl peaKHX 3JieMeHTOB b \iaccnBax IO>kho-Kob/iopckoh njioma;in 





TaSjiHua 3.7. Sm-Nd inoTomibin cocTaB nopoj h xinnepanoB yjibTpaocHOBHbix xiaccnBOB K!)>kiio- 
KoB^opcKoro panoHa 


N2 o6p. 


CopKaM- 

OKkl 


[Sm] 


[Nd] 


147,- __ ,144. 


Sm/ Nd 


143 


Nd/ 144 Nd 


±2s 


2.41 


eNd(2.41 


±2s 


eNd 


6115 

6115 

6115 

6115 

6115 


wr 


2.747 

cpx 

^9 

5.145 

opx 

0.122 

0.335 

Pi 

0.840 

5.351 

ol 

0.148 

0.434 


0.1466 

0.1940 

0.2202 

0.0949 

0.2062 


0.51187 

0.51263 

0.51308 

0.51102 

0.51285 



0.50954 

0.50955 

0.50959 

0.50951 

0.50957 


0.57 

0.69 

1.42 

- 0.11 

1.17 


0.50 

0.50 

0.50 

0.50 

0.50 


1.06 

0.72 

1.19 

0.89 

1.07 


6151 

6151 

6151 

6151 

6151 


wr 

0.637 

3.008 

cpx 

1.624 

5.350 

opx 

0.220 

0.572 

pl 

0.798 

5.259 

ol 

0.148 

0.538 


0.1279 

0.1835 

0.2325 

0.0917 

0.1664 


0.51150 

0.51244 

0.51326 

0.51096 

0.51214 


0.000005 

0.000003 


Mill! 


0.000008 

0.000005 


0.50946 

0.50953 

0.50957 

0.50951 

0.50949 


-0.96 

0.26 

1.12 

-0.15 

-0.36 


0.50 

0.50 

0.50 

0.50 

0.50 


-0.28 

0.39 

0.77 

0.88 

-0.06 


13981 

wr 

13981 

cpx 

13981 

opx 

13981 

pl 

13981 

ol 

riOMOMBC 


-KHM 


11531 

wr 

11531 

cpx 

11531 

pl 


0.622 

1.229 

0.235 

0.742 

0.200 


2.838 

3.945 

0.649 

5.074 

0.854 


2.540 

2.141 

1.075 


8.704 

6.308 

5.165 


0.1325 

0.1884 

0.2185 

0.0885 

0.1415 


0.1764 

0.2052 

0.1258 


0.51166 

0.51255 

0.51305 

0.51092 

0.51183 
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0.50955 

0.50956 

0.50958 

0.50952 

0.50958 


0.82 

0.95 

1.38 

0.07 

1.31 


0.50 

0.50 

0.50 

0.50 

0.50 


1.45 

1.03 

1.16 

1.13 

1.85 


0.51233 

0.51282 

0.51150 


0.000004 


0 . 

0 . 




2 

2 


0.50953 

0.50956 

0.50950 


0.31 

0.90 

-0.25 


0.50 

0.50 

0.50 


0.58 

0.79 

0.66 


17781 

17781 

17781 

17781 

17781 


wr 

2.392 

11.66 

cpx 

1.078 

3.470 

opx 

0.161 

0.405 

pl 

1.405 

8.709 

ol 

0.127 

0.405 


0.1240 

0.1878 

0.2410 

0.0975 

0.1903 


0.51151 

0.51256 

0.51341 

0.51103 

0.51258 


0.000004 

0.000004 


•HUU 


0.000007 


•ilium 


0.50954 

0.50957 

0.50958 

0.50948 

0.50956 


0.60 

1.19 

1.39 

-0.67 

0.94 


0.50 

0.50 

0.50 

0.50 

0.50 


1.54 

1.30 

0.82 

0.61 

1.02 


IlpHMeMaiiHH. KoHiieHipanHH onevienTOB npuBenenbi b ppm. norpenmocTb H3oroimoro cocraea 
Heo;iHMa ( 14 ? Nd/' M Nd) iipHBeneHa Ha 95% ypoBHe 3Ha i iHMOcra (3) h onpe;ieji« eroi cneTHOH 
CTaTHCTHKOH KoiiKperiioro HiMepeima. vvr - BajioBaa ripooa; pi - Mono(|)paKUH« miarHOKJia3a, cpx 
- KjiHHonupoKccHa, ol - OjiHBHHa. opx - opTonupoKceHa. npo6bi 6115. 6151 h 13981 - 
n;iarHOKJia30Bbie jiepuojiurbi MaccHBa CopKanoKH, upoobi h 11531 (\ierara66po) w 17781 

(OJIHBHHOBblHO ra66pOHOpHT) - MaCCHB riOHOHBCKHH. FlepBHHHblH H30T0HHbIH COCTaB HeO/lHMa 
(cNd) paccHHTan na H3oxpoHHbiii B03pac*T cooTBeTCTBviomero oGpama h B03pacT 2.41 Ga, 
nojiyHCHHbiH U-Pb mctoziom no unpKOHaM. AHanHTHK B.B. EejiauKHM (BIlHHOKeaHreojiornfl). 


CneKTpbi. TnnHMHbie AJifl bccx nopo^ pacc-ioeHHbix n;i\TOHOB (pnc. 3.27) xapaKTcpn3yeTCM 
ab>mh rjiaBHbiMH ocooenHOCTHMH: nariHHHeM OTpnuaTejibHOH Ta-Nb ano\iajiHH n pe3KHM 

























o6orameHHe\i nerKHMH aneMeHxaMH. flna hhx raioKe THiiHHHa nonoacnxenbHaa Sr n cna6o 
npoHBJieHHaa oxpnuaxenbHaa Ti aHOMannn. IIpaBaa nacxb cneicxpa, oxpaacaiomaa noBeaenne 
Taacejibix peaKHX 3eMenb, - poBnaa nan cjierKa iamyxa BBepx (hto no mhchhio pa;ia aBTopoB 
(Cjia6yHOB h ap., 2005), aBJiaeTca npH3HaKOM ncxoaHbix ooHHHnxoBbix Mara). Tanne cnempbi 
xmiHMHbi y\i6apeneHCKoro n KnBaKKCKoro MaccnBOB (pnc. 3.27a), ocoOchho ana MoHnennyxoHa 
h M o h m ery i i;ipo bc ko io MaccnBOB (pnc. 3.276). a xaicace BypaKOBCKoro n C> eao po bo - II a 11 c ko ro 
nnyxoHOB (phc.3.27b). YpoBeHb KOHneHxpaunn 3neMeHX0B-npnMecen b nopoaax nocneaHero 
Menaerca nonxn Ha nopanoK, ocooo hh3khmh snaneiiHaMH xapaxxeprnyioxca aynnxbi h 
onHBHHOBbie Hopnxbi nnyxoHa. 

K cnafiaep-nHarpaMMaM paccnoeHHbix nnyxoHOB 6jih3kh cneicrpbi nopoa Macon bob 
apy3HXOBoro KOMnnexca: nepnaoxnxbi MaccnBa p.CopKanoKH (pnc. 3.28), ra66poHopnxbi 
1 lonoHBCKoro HHxpy3HBa, i'. riepnarKa, p. KaMeuxa, Bbicorbi 463.9 m, BepxHero xenenna p. Hopa, 
aM(|)n6onnxbi r. Jlanc-TyHapbi n r. PncxnBapa. OaHaKo ohh HeMHoro oxannaioxca ox axanoHHbix 
paccaoeHHbix nnyxoHOB 6onee xpyxbiM HaKnoHOM cnexxpoB b o6nacrn raacenbix peaxnx 3eMenb. 

B nenoM a<e, reoxHMHHecKHe ocoochhocxh nopoa Kapeno-KonbCKoro pcrnoHa, oco6chho IOa<no- 
KoBaopcKon nnomaan, Bo spacx Koxopbix cocxaBnaex 2410 - 2450 Ma (onpeneiina U-Pb MeToaoM 
rio nnpKonaM n Sm-Nd no riopoaaM n MnnepanaM KpiiBonynKaa n ap.. 201 02 ) Borpacx, 6nn3Kn k 
raxoBbiM HH^KHexpnacoBbiM HHxpy3HBaM HopnabCKoro paiioHa: ohh Hccyx xe >kc caMbie ncprbi 
KopoBro [ipoHcxo/Kacuna. > 1 x 0 n nopn;ibCKne MaccnBbi. 06 3xom ace cBnaexenbcxByio n n soroniibie 
xapaKxepncxHKH. b MacxHocxn. e Nd (0±1.4). K 3XOMy ace rnny oxHOcaxca n nopoabi MnnencKoro 
n JlyKxypcKoro MaccnBOB b CeBcpHOM 3a6anKanbe. 

BbIBOabl. 

1. Ho reoxHMHMecKHM oco6eHHOcraM nopoa yabxpa6a3Hr-6a3nxoBbie nmpyjnBbi 
HopnabCKoro panona nopManbiion inenoHiiocxn noapa3aenaioxca na 3 reoxHMHHecKnx 
xnna: aioMxanencKHH (cpeaneB3Bemennoe coaepacanne MgO=19-23 n HO 2 >1 Mac.%, 

Sr/ Sr=0.703, sNd = +6-8: otc>tctbhc Ta-Nb h Pb aHOMajiHH), HH>KHeTajinaxcKHH 
(MgO=13-16, Ti02 <1, x7 Sr s,> Sr=0.710, eNd = -8-10; npHcyrcrBHe OTpHuaTejibHofi 
Ta-Nb h n o jk»kht e ji buo h Pb aHOMajiHH, cyuxecTBennoe ooorameiiHe Kpynn o hohh bi mh 

JIHTO([)HJIbHbIMH 3JieMeHTa\lH) H HOpHJIbCKHH (MgO=10-12 h Ti02 <1 Mac.%, 

87 86 - 

Sr/ Sr=0.706. sNd = -0.5; OTpuuaiejibHaa Ta-Nb h nojiOyKHTejibHaa Pb aHOMajiHH). 
cooTBeTCTByiomHe jiaBaiu 2, 3 h 4 hhoob (ryaxHXHHCKoiT h a/ioK/jH hckoh h 

MOpOHrOBCKOH CBHT3M). 

2. r eoxHMHMecKne cooSchhocth nopoj He CBH3anbi co crenenbio pyyiOHoaiocrH MaccHBa 
(coAepH<HT oh ooraTbie pvjibi. yooryio MHHepajirnamno hjih sbjihctch 6e3py.nHbiM). 3 to 



>Ke nojioweHHe iiphmchhmo h k MaccHBaM apyrax H3yneHHbix perHOHOB - CeBepHoro 
3aoaHKcL r iba h Kapejio-KojibCKoro. I IpnweM Bee \iaccHBbi xapaKrepHjyioicfl KopoBbiMH 
xapaTepncTHKaMH: cnetcrpaMH pacnpenejieHHs pe.iKHx ajieMeHTOB h pa;iHOieiiHbix 
H30T0n0B. 

3. PyaoHOCHbie h 6e3py^Hbie \iaccHBbi OTjiHMaioTca pacnpejejieHHCM 3jieMcmoB- 
npHMeceR b OBHBHHax, hx naKon/ieHHe.M b npouecce (jjpaKUHOHHpoBaiiHH, hto 
B03M0)KH0, CBB33HO C pa3JlHHHOH (|)yTHTHBHOCTbK) KHCilOpO;ia IipH KpHCTajlJIH3ail.HH 
C(j)OpMHpOBaBllIHX HX MafM. 


Ta6jiHua 3.8 M30TonHbiH cocTaB raoopo-jo.iepmoB. 6a3ajibTa h anrujpHTa HopnjibCKoro paiioHa 


N 2 nn 

MHTpy3HB. CBHT3 

Ns o6p. 

206 pb/ 2 °4pb 

2 a 

207 Pb/ 204 Pb 

2 a 

i 

Hn>Kiiena^e>KaHiicKafl 

530/12 

18.125 

0.001 

15.511 

0.001 

2 

IIopHJlbK I 

G22/67 

18.057 

0.001 

15.582 

0.001 

3 

I ln>KHe- l aJiaHXCKHH 

TG31/824 

18.120 

0.001 

15.638 

0.001 

4 

AHrH;ipHT 

OV16/1096 

19.057 

0.005 

15.646 

0.004 


I Ipo;ioji>KeiiHe I’aGjiHUbi 3.8 


.Nl’ nn 

208 Pb/ 204 Pb 

2 a 

87 Sr/ 86 Sr 

2a 

l43 Nd/ l44 Nd 

2a 

1 

38.340 

0.002 

0.710139 

0.000003 

0.510878 

0.000003 

2 

38.055 

0.002 

0.706385 

0.000003 

0.512568 

0.000003 

3 

38.279 

0.002 

0.708904 

0.000003 

0.512300 

0.000003 

4 

38.312 

0.011 

0.707942 

0.000002 

0.512509 

0.000016 


I IpHMeHaHHe. AHajiH3bi BbinojiHenbi b HHcraryTe FeoMap. r. Knjib. I'epMaHHa. AHajiHTHK 
F. HaufT. 










rJIABA 4. B3anviooTHOujeHHH Jiae ki pyaoHOCHbix viacciieoB 

Bonpoc O KOMarMaTHHHOCTH HHTpV3HBHbIX nopoil H BVJIKaHHTOB B HopHJIbCKOM paHone 
noaHHMajicfl HeoaHOKpaTHO. ho 30 chx nop hc noaynHa OKOHnaTejibHoro pemeHHfl. OaHH 
HCCJieAOBarejiH npoaoawaiOT BbiaeaaTb bvji KaHO-nayroHHHecKHe (|>opManHH (Duzhikov et 
al.,1992; PaabKO, 1991; Keays, Lightfoot, 1995). apyrne paccxiaTpHBaioT \iaccHBbi iiopHJibCKoro 
KOMiuieKca b KaneciBe npoH3BoanoH caMOCToareabHOH MarMbi (JlHxaneB. 2006; Maann, 2010). 

fjiaBHblMH nOpO^aMH B KaneCTBC KOMarMaTOB pyTlHOCHblX HHTpy3HBOB 
paCCMaTpHBaJIHCb CHaMaJia nHKpHTbl ryaHHXHHCKOH CBHTbl Ha OCHOBaHHH 
BbicoKOMarneiHajibiioro cociaBa rex h apyrux oopaiOBaiinn. OanaKO no3>Ke nojiyHemibie 
cneicipbi pacnpe;iejieHHH ojieMeHTOB-iipuMeceH iioaHepKHBaior otjihhhh ryan hxhhckhx 
riHKpHTOB ot riopoa iiopHJibCKoro KOMnueKca. klMemio b 3Thx nopoaax oonapyaceiibi nanGoaee 
npuMHTHBHbie a jih Ch6hpckoh n^aT(J)op\ibi pacnnaBbi. hc noaBepweHHbie kopoboh 
KOHT aMHHauHH (CoGoaeB h ;ip., 2009|): b hhx orcyTCTByer THiinnuaH jv i« Bcex TpannoBbix 
iiopo/i upoBHHHHH Ta-Nb OTpHnaTe/ibHa« aHO\iaiH«, a bmccto iioao/KHTeabnon Pb aHOMaann 
riOHBjifleTCfl ejiaoaa OTpHuaTejibnaa. Ibkhm oopaiovi. ryaHHxmicKHe pacruiaBbi no BceM cbohm 

XapaKTCpHCTHKaM OTJIHMaJOTCH OT TaKOBbIX, C(|)OpMHpOBaBIUHX pvaOHOCHblC MaCCHBbK HM 
npncyiuH MCHee oGorameiuibie peaKHMH aaeMCHTaMH cneicrpbi, oGeaHemiocTb IIREE, 
OTcyTCTBHC oTpnnaTeabnoH Ta-Nb aHOMajiHH h ap. Eme oanon xapaKTepnon ocoOemiocrbio 
npOAyKTOB HX KpHCTaJIJIH3ailHH HBaHKTICH Hpe3BbI Mail HO BbICOKHe KOHHeinpaHHH Ni B 
ojiHBHiiax. ripeBbiLuaiouiHe noHTH b aBa paia coaepacaHHH 3Toro aaeMeirra b ojiHBHiiax 
pyaoHocribix ropH30HTOB, a TaioKe noBbimeHHbie coaepwaHHH Ca (0.40 h 0,22 Mac.% NiO; 0.30 
h 0.12 Mac.% CaO aaa Fo «2 cootbctctbchho). Bee 3to cBHaeTeabCTByeT o tom, hto 
HHKpHTOBblC 6a3aJIbTbI H HHKpHTOBblC laOOpO-aOaepHTbl HHTpy3HBOB HOpHabCKOTO KOMIIJICKCa 

lie HBjMiorcfl upoHiBoaiibiMH eaHnoro poaoiianaabiioro paciuiaBa. KaK 3to npeanojiaraaocb 
pariee. 

1. llopoaaM TyKJiOHCKOH CBHTbl npnaaeTca ooabiuoe inaHenne b oopaiOBaiiHH pya 
b MoaeJibHbix hoc rpoeHHsx A./1 >k. Haaaperra. n.JlaHT(|)VTa h apyrHx aBTOpOB (Lightfoot et al., 
1994; Naldrett et al., 1992; Keays, Lightfoot. 2007). nocKOJibKy ohh paccMarpHBaioTca b 
KanccTBc npoayKTOB KpncTaaarnauHH poaoHanaabHon aaa pyaoHocHbix hhtpv3hbob MarMbi. 
3 to 3aKiiK) i ieHHe caeaaHo Ha ochob3hhh ycTaHOBaeHHOH iioBbimeHHOH MarHe3HaabHOCTH 
TyKaoHCKnx nopoa h cxoacTBa hx reoxHMHHecKHX ocoochhoctch c raoopo-aoaepnTaMH 
HopHjibCKoro KOMiuieKca. OaHaKO pa3pe3 TVKaoHCKOH cbh™ ao chx nop 6bia H3yneH roabKO b 
boctohhoh HacTH panona. b npeaeaax naaeo bv.tK an h nee koh cTpyicrypbi r. CvHayK (panoH 03. 
Tay6oKoro, pnc.l - pa3pe3 IF (Lightfoot et al.. 1994). Hmchho oh 6bia aoOaBaeH b KanecTBe 



Ba>KHofi cocTaBJiHiomefi k pa3pe3y, nocrpoeHHOMy Ha 6a3e aanubix no XapaenaxcKOH Myabae 
(ckb. Cr-9 h Cr-32) (Lightfoot et al., 1990: 1993; Brugman et al.. 1993) h npHHHTOMy b 
xanecTBe onopHoro ana panoHa. Taxoe coBMemenwe npnBejio k noflBjieHHio b CTpoeHHH 
ByjiKaHoreHHOH tojiihh MouxHoro (240 m) ropn30Hra Marae3HajibHbix nopoa. Meacay TeM, 
TyKnoHCKHe aaBbi noBbimeHHon Mame3HaabHOCTH (ot 8-9 ao 16 Mac.% MgO), ycTaHOBaeHbi 
ToabKO b ripeaeaax HeGoabuiOH (H)3 km) naaeoBya KaimnecKOH crpyKTypbi r. CynayK 
(Lightfoot et al., 1994). B KanecrBe aHaaoroB othx nopoa paccMarpnBaancb (Fedorenko el al., 
1996) nnKpHTOBbie 6a3aabTbi, Bbixoaamne Ha noBepxnocTb ceBepnee MnnHaHranncKoro 
noxpoBa. OaHaKo ohh. xax Gbiao noKa3aHo aBTopaMn (KpHBoayuKaa n ap., 2005), aBaaiOTca 
KyMyaai'HBHbiMH o6pa30BaHH»MH Haae>KaHHCKOH cbm™. 

TaKHM o6pa30M, xaK n b pa3pe3e HopnabCKon Myababi, Ha ocTaabHofi TeppHTopHH 
pawoiia cpean ryKaoncKHx oopaioiuiiiHii npeoGaaaaior roaeHTOBbie 6a3a;ibTbi (coa. 6 Mac.% 
MgO), a aoxaabHo pa3BHTbie MaaoMOLHHbie nHKpmoBbie pa3HOBHaHOCTn npeacTaBaaioT coGoii 
peaKoe HBaeHHe. B neaoM. cpeaHeB3BemeHHbiH cocraB cbm™. Bbixoaauteii Ha rioBepxHocrb Ha 
ripoTJOKenHH 6oaee 100 km. (J)aKTHMecKH He OTaHHaeTca ot cocTaBa BbiincaoKauinx ToaeHTOBbix 
6a3ajibTOB. ripH conocxaBneHHH reoxHMHMecKHX oco6eiiHOCTeH TyKJiOHCKHX nopoa c raGGpo- 
aoaepHiaMH nopHabCKoro KOMnaeKca iipn 6 jih 3KOM xapaxrepe pacnpeaeaeiiHH b hhx 
3aeMCHTOB-npnMeceH caeayer orMeTHTb oGeaHeHHocTb nepBbix U h oGorameHHocTb Eu. K 
3TOMy mo>kho ao6aBHTb cyutecTBCHiibie paaanwHa b cocTaBax nopoaoo6pa3yioutHX oaHBHHOB 
Meacay npeanoaaraeMbiMH HHTpy3HBHbiMH h 3(|)(j)y3HBHbiMH pa3HOBHaHOCT«MH - HH3KHe 
KoimempaitHH HHKeaa (b cpeaHeM 0.11 h 0.21 Mac.% NiO ana iihkphtobi»ix GaxaabroB h 
riHKpHTOBbix ra66po-aoaepHTOB cootbctctbchho) h noBbimeHHbie KaabHHa (0.21 h 0.12 Mac.% 
CaO ana Fo7»). TaKHM oGpaioM. Bbiaeaeime TyKaoncKoil MarMbi b KanecTBe poaoiianaabiioH 
npn (J)opMHpoBaHHH pyaoHocHbix HHTpy3HBOB ToabKO 3a cneT npeanoaaraeMon noBbimcHHOH 
MarHe3naiibHOCTH He HMeeT aocTaTOHHbix ochob3hhh. 

Ilopoabi HH/KneH nacTH HaaeacamicKOH CBHTbi. coraacuo MoaeaH A. LI>k. HaaapeTTa h 
ero nocaeaoBaTeaen (Lightfoot et al.. 1993; Brugman et al.. 1993), aoaaaibi Gbirb renerHHecKH 
CBa3aHbi c TyKaoHCKHMH 6a3aabTaMH: hx oGeaHeHHOCTb HBerabiMH MeTaaaaMH o6ycaoBaeHa 
ocaacaeiineM cyjib(|)HaoB H3 KOHTaMHHHpoBaHHoro BMemaiouiHMH nopoaaMH poaonaMajibiioio 
TVKaoHCKoro pacnaaBa. B caynae aocTOBepHocTH npcaaoKeiinoro Mexann3Ma b noaax 
pa3BHTHH pyaOHOCHbIX HHTpy3HBOB nopoabl TyKaOHCKOH CBHTbi aOa>KHbl OTCVTCTBOBaTb, 
nocKoabKy MaccnBbi HopnabCKoro KOMnaeKca. KaK h oaxaibria HaaoKanncKOH CBHTbi, 
npeacTaBjiaiOT coGoh npoayKTbi B3aHMoaeHCTBHa TyKaOHCKOH MarMbi c KapGoHaTHO- 
TeppHremibiMH ocaaKaMH. Kax caeacTBne yroro npouecca, nnKpnTOBbie raGGpo-aoaepHTbi 
ripoayKTHBHbix MaccHBOB aoaacHbi Gbirb HaeiiTHMiibi iiHKpHTOBbiM Ga3aabraM h aaeacan hckoh 



CBHTbl. Ho no CBOHM MHHepajlOrO-ieOXHMHHeCKHM 0C06eHH0CT3M OHH CymeCTBeHHO 
OTJiHHaioTca ot npeanojiaraeMbix HirrpysHBHbix KONiarMaroB (JlHxaneB, 2006). TeM He MeHee, b 
H 3yHeHHOM aBTopaMH paspese Hapany c Hirrpy3H Bavin HopnjibCKoro KOMnnexca o/rHOBpeMeniio 
npncyTCTByioT riopoiibi Bcex yKa3aHHbix cbht, hto ct3bht noa coMHeHne iipea-UO'/KemibiH 
MexaHH3M o6pa30BaHH» pya. 

4.1. reo.ioniMecKiie iiiaiiMoonioiiKiimi MevK iy .laisavm 11 mi i pvimiavni Hopii.ibCKoro 
KOMnjieKca 

/(aa peineiiHa Bonpoca o KOMarMaraHHOCTH pyaoHOCHbix HHTpy3HBOB h JiaB b KanecTBe 
rjiaBHoro oGteicra H3yncHHa 6 buia BbiopaHa I lopnabCKaa Myabaa. b npcaeaax Koropoti 
Hinpy3HBHbie o6pa30BaHHa c BKpanaeHHbiMH nan cnaomubiMH pyaaMH (MecropowaeHna 
Ilopn:ibCK-l, MacaoBcxoe. MepHoropcKHH. Hopn.ibCK-2). aoKaaH30B3Hbi MaKCHMajibHO bi»icoko 
cpeaH ByjiKaHoreniibix nopoa - b cpeaneii nacTH paipe3a ry(|)o -aaBOBOH tojiiuh. B apyrnx 
njiHKaTHBiibix CTpyKTypax panona noaooHbie MaccuBbi cocpeaoToneHbi npeHMymecTBeHHo b 
ocaaoHHbix OTaoweHnax aeBOHa, rioacTHaaioinHX ByjiKaHHTbi (XapaeaaxcKHH h TaaHaxcKHH 
nnrpy3HBbi b Xapae.iaxcKOH \tyabae; BoaoroHaHO-HacHHCKHH HHTpy3HB b BoaoronaHCKOH 
Myjiwie), no3TOMy npoBoaHTb nx conocTaBJieuHe c aaBavm 3HanHTeabno rpyanee. Ba>i<noe 
3iiaHeiiHe HMeeT h tot (j)aKT. mto b CTpoennn HopnabCKon Myababi iipnnHMaioT ynacrne 
nopo/ibi bccx cbht, Hcnoab3yeMbix b MoaeabHbix nocTpoeHHax pa3Hbix aBTopoB 
(ryAMHXHHCKOH. TyKJIOIlCKOH, liaiie/KUHHCKOH H MOpOHTOBCKOH), HTO IIOTBOJIHCT aeTaabiio 
paccMorpeTb Boripoc 06 hx poiiH b o6pa30BaHHH pya. 

B KanecTBe onopiibix Gbian BbiOpanbi ckb3/khiii>i OM-6 h OM-25. b nocaeaneii H3 hhx 
cpean ByjiKaiiHTOB npncyTCTByeT chuji HopnjibCKoro KOMnjieKca ano())H3a MacjioBCKoro 
Hirrpy3HBa, coaepwamero GoraToe npowHaxoBo- BKpanjieimoe Cu-Ni opyaeneime. IlecMorpa 
Ha HeSojibiiiyio MomHocTb (12 m). cnaa othctjihbo jiH(|Kj)epeHHHpoBaH ot ojiHBHHOBbix ra66po- 
/lOJiepHTOB ;io JieHKOiaoopo. /(jib apryMeHmpoBaHHoro omecenHa ero k HopnabCKOiviy 
KOMnjieKcy Gbian HiyneHbi cocTaBbi nopoa. KOTopbie OKa3ajiHCb naeHTHHHbi TaKOBbiM MaccHBa 
HopHJIbCK 1. 

B pa3pe3e BMemaioiunx chhh ByjiKaHHTOB Gunn HHaeHTHijjHHnpoBaHHbi 8 cbht 
(KpHBOJiyuKaa, PyaaxoBa. 2009). h ycranoBaeno. hto aamiaa aiiotjinsa npopbiBaei nopoabi 
HH>KHeH H3CTH Haae>KaHHCKOH CBHTbl, OTHHHaiOIUHeca BbICOKHM La/Sm OTHOHieHHeM, H 

hh3khmh KoimenTpauHaMH Cu h Ni (Lightfoot et al., 1990; pnc. 4.1). flaa aoxaTaTeabCTBa 
OTHeceHHa H3yneHHoro CHaaa HopHJibCKOMy Ko.vinaeKcy Gbian conocTaBaeHbi ero 
reoxHMHHecKne ocoGchhocth c TaxoBbiMH MaccHBa HopnabCK 1 (TaGa. 4.1).TaKHM o6pa30M, 



TaGjinua 4.1. Co^ep^anne pejKHX 3JieMenTOB b HiiTpy3HBHbix noponax Hophjibckoh 

Myjib^bi 


N 2 n/n 

1 

2 

. 

3 

4 

5 

6 

7 

8 

9 

N9 o6p. 

59 

65,2 

67,9 

71,8 

78 

90 

96,8 

103,8 

425 

3/ieMe*+r 










Rb 

12.6 

10.4 

8.43 

15.1 

18.7 

24.8 

22.4 

11.6 

23.3 

Ba 

103 

68.6 

71.0 

120 

104 

97.1 

114 

99.3 

309 

Th 

0.44 

0.60 

1.05 

0.95 

1.08 

0.95 

1.24 

0.57 

4.16 

U 

0.17 

0.23 

0.44 

0.36 

0.41 

0.35 

0.45 

0.21 

1.03 

Nb 

1.79 

2.56 

4.13 

3.77 

4.30 

3.55 

4.78 

2.37 

10.5 

Ta 

0.13 

0.25 

0.25 

0.22 

0.95 

0.21 

0.27 

0.14 

0.68 

La 

2.89 

2.94 

4.74 

5.25 

5.74 

5.00 

6.82 

3.46 

20.9 

Ce 

6.86 

7.06 

11.3 

12.4 

13.5 

11.9 

16.5 

8.11 

43.5 

Pr 

0.93 

0.94 

1.46 

1.67 

1.74 

1.64 

2.20 

1.08 

5.19 

Sr 

213 

128 

124 

226 

257 

295 

460 

150 

301 

Nd 

4.44 

4.40 

6.72 

7.84 

8.11 

7.46 

10.15 

4.96 

20.7 

Sm 

1.28 

1.27 

1.83 

2.16 

2.30 

2.14 

2.86 

1.31 

4.35 

Zr 

33.5 

39.0 

67.4 

62.5 

65.8 

57.5 

77.6 

38.3 

150 

Hf 

0.92 

1.02 

1.76 

1.63 

1.72 

1.54 

2.08 

1.01 

3.54 

Eu 

0.59 

0.42 

0.58 

0.76 

0.82 

0.74 

0.91 

0.49 

1.16 

Ti 

2930 

2555 

3630 

4660 

4565 

4730 

5390 

2830 

6035 

Gd 

1.53 

1.49 

2.20 

2.58 

2.66 

2.51 

3.30 

1.51 

4.30 

Tb 

0.26 

0.25 

0.37 

0.45 

0.46 

0.43 

0.58 

0.26 

0.69 

Dy 

1.87 

1.74 

2.54 

3.02 

3.15 

2.91 

3.83 

1.79 

4.37 

Y 

11.9 

12.4 

17.5 

20.6 

20.8 

19.1 

25.1 

12.0 

23.9 

Ho 

0.43 

0.41 

0.59 

0.70 

0.72 

0.67 

0.87 

0.40 

0.92 

Er 

1.13 

1.12 

1.60 

1.89 

1.90 

1.76 

2.36 

1.09 

2.56 

Tm 

0.17 

0.17 

0.24 

0.27 

0.29 

0.26 

0.35 

0.16 

0.37 

Yb 

1.11 

1.05 

1.50 

1.76 

1.84 

1.69 

2.15 

1.06 

2.31 

Lu 

0.16 

0.16 

0.22 

0.25 

0.27 

0.25 

0.32 

0.16 

0.35 

Cu 

7940 

2180 

2590 

132 

277 

81 

91.4 

643 

43.7 

Ni 

7487 

2743 

2875 

556 

295 

210 

164 

1239 

14.1 

Co 

176 

143 

143 

77.6 

60.9 

51.1 

50.3 

36.2 

37.7 



























OKOHMaHHe ra6;imibi 4.1 


N9 n/n 

10 

11 

12 

13 

14 

15 

16 

17 

18 

06 p. 

3/ieMeHT^—^ 

427.3 

428 

428.6 

429.5 

430.9 

432.6 

433.4 

434.1 

437.5 

Rb 

48.5 

37.1 

4.30 

27.3 

3.51 

6.81 

3.85 

2.57 

63.5 

Ba 

459 

355 

91.1 

196 

74.7 

163 

100 

117 

495 

Th 

3.29 

2.23 

0.94 

0.91 

0.82 

1.07 

1.02 

1.00 

3.70 

u 

0.88 

0.71 

0.36 

0.36 

0.31 

0.41 

0.39 

0.39 

0.91 

Nb 

8.52 

6.37 

3.80 

4.95 

5.39 

4.18 

4.15 

5.33 

9.17 

Ta 

0.53 

0.41 

0.23 

2.72 

0.36 

0.28 

0.26 

0.37 

0.57 

La 

16.4 

12.0 

6.30 

5.77 

5.62 

6.66 

6.57 

6.44 

17.5 

Ce 

34.1 

25.1 

14.4 

13.1 

12.9 

15.3 

15.2 

14.9 

36.7 

Pr 

4.10 

3.10 

1.97 

1.79 

1.76 

2.12 

2.11 

2.07 

4.42 

Sr 

405 

397 

308 

310 

271 

242 

258 

265 

257 

Nd 

16.08 

12.4 

9.12 

8.44 

8.08 

9.88 

9.69 

9.69 

17.5 

Sm 

3.41 

2.82 

2.49 

2.34 

2.30 

2.77 

2.79 

2.69 

3.81 

Zr 

117 

95.6 

80.1 

74.2 

72.0 

87.6 

86.1 

85.3 

133 

Hf 

2.84 

2.21 

1.95 

1.87 

1.71 

2.20 

2.09 

2.08 

3.19 

Eu 

1.00 

0.94 

1.05 

0.78 

0.88 

1.00 

1.13 

0.95 

0.95 

Ti 

4908 

4460 

5766 

5588 

5448 

6328 

5989 

6607 

5297 

Gd 

3.37 

2.92 

2.96 

2.84 

2.69 

3.30 

3.30 

3.28 

3.97 

Tb 

0.55 

0.48 

0.50 

0.48 

0.47 

0.56 

0.57 

0.56 

0.63 

Dy 

Y 

3.50 

3.08 

3.29 

3.16 

3.06 

3.76 

3.70 

3.62 

4.01 

18.7 

17.1 

18.7 

17.4 

17.4 

21.3 

20.9 

21.1 

21.6 

■ 

Ho 

0.74 

0.65 

0.72 

0.69 

0.64 

0.81 

0.82 

0.78 

0.81 

Er 

2.00 

1.79 

2.00 

1.88 

1.80 

2.26 

2.25 

2.19 

2.31 

Tm 

0.29 

0.27 

0.31 

0.29 

0.27 

0.34 

0.34 

0.33 

0.35 

Yb 

1.87 

1.67 

1.96 

1.78 

1.75 

2.19 

2.13 

2.08 

2.18 

Lu 

0.28 

0.26 

0.29 

0.27 

0.26 

0.33 

0.32 

0.32 

0.34 

Cu 

41.7 

53.0 

90.4 

83.1 

82.1 

273 

123 

299 

29.1 

Ni 

72.4 

139 

63.7 

26.1 

88.4 

173 

112 

215 

43.5 

Co 

42.0 

39.8 

41.7 

29.6 

35.3 

56.8 

51.2 

60.2 

37.2 


ripHMe i iaHHe: 1) N 2 n/n: 1-8 - ra66po-^ojicpHTbi HHTpv3HBa IlopHjibCK 


(homcp oopa3ua 


OTBCMaer mySHHe no CKBa>KHHe T-22), 10-17- raoopo-aojiepHTbi CHJiJia CKBa>KHHbi OM-25, 
9,18 - 6a3a;ibTbi HaaoKAHHCKOH CBHTbi (HOMep oopama OTBenaeT rjivoHHe no cKBa>KHHC OM- 


25); 2) coaepacaHHa ojie.MemoB ^anbi b r/T. 























MacnoBCKHH HHTpy3HB, a cjre^OBaTe.TbHO. n conocraBHMbie c hum ocTa:ibHbie pyaoHOCHbie 
HHTpy3HBbI, BHe/ipHJlHCb nOCJie H3JIHHHHH paHHHX nOTOKOB 6a3aJIbTOB nd CBHTbl. T.e. 
pyziOHOCHbie Hinpy3HBbi npopbiBaioT npe,zuiojiaraeMbie KOMarMaTHHHbie ByjiKaHTHbi: nHKpHTbi 
ry^HHXHHCKOH CBHTbl. 6a3ajIbTbI TyKJIOHCKOH H Ha^OkMlHHCKOH CBHT. OCTaCTCfl 
npeflnojiOHceHHe o KOMarMaTHMHOCTH hx c nopanaMH MopoHroBCKofl CBHTbl, no 
reoxHMHHecKHM oco6eniiocT«M Han6ojiee 6jih3koh k nopoaaM HopnjibCKoro hii rpy 3 hbho ro 
KOMnjieKca. O/maKo hbmh Ha n-Be KaMennoM ( 03 . JIaMa) 6bi;ia oSHapyxcena ;ianKa (6e3py/»iaH), 
no BC6M reoxHMHHecKHM ocooennocTHM (coaepacaHHio MgO = 8.92. IIO2 = 0.81 Mac.% h 
pacnpcAeneHHK) pe^KHX ojicmchtob) 6jiH3Kaa k nopo^aM HopnjibCKoro KOMnjicxca w 
npopbiBaiomaa 6a3ajibTbi mr CBHTbl (pnc. 4.2). a BHH3y, na rpaHHue c na;ie>K;uiHCKOH CBHTbl 
6bui 3aKapxnpoBaH uejibifi pm raKHx .aaeK. 
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Pmc. 4.2. no/ioweHne A^eK 
Hopn/ibCKoro KOMn/ieKca b 
pa3pe3e By/iKaHmoB 
MOpOHTOBCKOM CBMTbl 


(pa3pe3 cocraB/ieH coBMecTHo c 
A.B. PyABKOBOM) 





ri03T0My BIIOJIHe BepOMTHO, HTO HHTp\3HBbI HOpHJlbCKOrO KOMTIJlCKCa ^OpMHpOBaJlHCb 
b nocTMoponroBCKoe BpeMH, ho oTcvTCTBHe cyjib4)HzmoH BKpan.ieHnocTH He noiBOJiaeT 
nojiHOCTbio apryMeHTHpoBaTb oto nojioaceHHe. 

4.2. ConocTaBJieHiie reoxn\inHecKii\ ocooemiocTeii .iae u mirpyjiiBOB nopiiJibCKoro 
KOMnjieKca 

IlpHBeZieHHbie ^aHHbie no CTpOCHHK) H COCTaBy TV(j)0-JiaBOBbIX H HHTp\'3HBHbIX nopo,n, 
BCKpbITbIX CKBa>I<HHaMH B CCBepHOH H BOCTOHHOH MaCTBX HopHJlbCKOH MVJIb^bl, K3K GbIJIO 

noKa3aHo, c b n/teTeji bctby k>t 06 otcvtctbhh KOMarMaTHHHOCTH Mexuty pyztoHocHbiMH 

MaCCHBa.MH H nOpOWMH ry/lHHXHHCKOH. TyKJIOHCKOH H na^OKJlHHCKOH CBHT. 3 tO 0;iH03Ha i IH0 
onpeiiejiaeTCH. Bo-nepBbix. npopbiBaHHeM chjuiom MacjioBCKoro HHTpy3HBa ByjiKauHTOB 
yKa3aHHbIX CBHT, a BO-BTOpbIX. pa3JIHHHHMH B HX reOXHMHHeCKOM H MHHepaJIbHOM COCTaBe. 

B KanecTBe eme oziHoro ByjiKaHoreHHoro aHajiora HopujibCKHX HHTpy3HBOB 
paccMaTpHBaeTCH MoponroBCKaa CBHia (Arndt et al., 2003; Pa;tbKo, 1991). Py^OHOCHbie 
MaccHBbi ;i0KajiH30Baiibi imnce cjiaraiomHX ee 6a3a-ibTOB h 6jih3Kh k hhm no pmy 
reoxHMHnecKHX iiapaMerpoB, b nacTHOCTH, no koh neirrpan h%m h paciipeiiejienmo b nopoztax 
3jieMCHTOB-npnMeceH (Lightfoot et al.. 1993: Brugman et al., 1993. TeM ne MCHee, no 
co,aep>KaHHK) rjiaBHbix okhc/iob, ocoochho MgO. MopomoBCKHe 3(|)(|)y3HBiibie nopo/ibi pe3K0 
OTJiHnaiOTCH ot o6pa30BaHHH HopHjibCKoro KOMnjieKca (pwc.4.3). MopoHroBCKaa CBnra na Been 
ruioina&H CBoero pa3BHTH« iipe/tCTaBjiena HCKjuo i imejibno tojichtobi>imh 6a3ajibiaMH (6-7 
Mac.% MgO) - b ee COCTaBe ne oGiiapyxceiibi nopoflbi noBbimeiiHOH ManieinajibnocTH (Kai< n b 
B biuie^oKamHx cBHTax). Me>K^y tcm, b py^OHOCHbix NiaccHBax npaKTHnecKH bcc nopo^bi 
co;tep>KaT ojihbhh. Tpy^HO npe^CTaBHTb nojmyio OTcaziKy o.iHBuna h cyjib(J)H^0B H3 pacnjiaBa, 
oObCM KOToporo ztocTHraji 50 000 km' b HHTpy3HBHbie KaMepbi, cocTaBjnnomHe mchcc 10% 
o6i>eMa. Be;tb iiomhmo npeziiiojiarae\tbix KOJienooSpajHbix noflBOflfliUHX KanajiOB. rzte 
peajiH3yeTca B03MO)KHOCTb naKonneunfl vKaiam-ibix cj)a3. cymecTByeT mhohccctbo npo bozihhkob 
/ tpyroH KOH(|)nrypanHH, hc cnocoGcTBytomen npoTeKaHHK) ^aHHoro nponecca. K hx nucjiy 
othochtch BepTHKajibHbie KaHajibi h TpemHHbi, cymecTBOBaHne KOTopbix no,flTBep>K,aaeTCfl 
najiHHHeM ByjiKanoB ueiiTpaibnoro THna MoponroBCKoro BpeMenn. 3aKapTHpoBannbix KaK b 
jtojiHHe p. MHKnaHr^bi (pe3yjibTaTbi reojiornnecKOH cbeMKH OOO «IIopHJibCKreojiorna» h 
aBTopa) n onncaHHbie pwM aBTOpOB (neTpo.iornfl w nepcneKTHBbi..., 1978). B npe/tejiax 

ByjlKaHHHCCKHX nOCTpOCK B nOJIHX pa3BHTHfl MOpOHTOBCKOH CBHTbl B TaKOM CJIVHae £OJl>KHbI 
GbiJin 6bi (|) h kc h po Bar be h \iai He3najibHbie riopoabi c noBbiuieHHbiMH co/tepwanHHMH 
cyjibtjDH.aoB. OjtnaKo na npoTJDKeHHH cotch KHjioMeipoB no npocTHpannio CBHTbl ne oTMenenbi 


HH TC, HH .apyTHe. 





A.lKr> 
A Tk f: 
\*i2 
■Ir 


• •Cri’Siii 
i Mk 
•vl 



-10 

0.703 


O ^Sr/^'Sr 
0.708 


Phc. 4.3 /luarpaMMbi Ti02 - MgO h £Nd juia MarMaTHHecKHX nopojt pafioHa 

(no aaHHbiM aBiopa) 


Ta6jiHua 4.2. Cpe;meB3BeiiieHHbiH cocTaB HurpyjHBOB HopnjibCKoro KOMnjieKca h cpejuinn 
cocraB upe^iiojiaraeMbix KOMarMaTHMHbix hm cbht 


MirrpymB. 

CBHTa 

N 


m 


FeO 

MnO 


CaO 

Na 2 0 

K 2 0 


Cr 2 0, 

HopnjibCK 1, 













ckb.MC-31 

25 

47.75 

0.89 

15.93 

11.46 

0.14 

11.67 

9.28 

1.91 

0.5 

0.15 

0.32 

HopnjibCK 1, 













CKB. f-22 

14 

47.16 

0.79 

15.36 

12.17 

0.2 

12.04 

10.6 

0.97 

0.39 

0.09 

0.23 

MacjioBCKoe. 













CKB. OM-4 

21 

47.36 

0.89 

15.27 

11.98 

0.26 

12.25 

10.28 

1.17 

0.43 

0.1 

0.02 

mk 

9 

50.3 

1.3 

15.99 

11.81 

0.2 

6.93 

12.08 

1.08 

0.16 

0.12 

0.02 

mr 

12 

49.72 

1.19 

15.9 

11.98 

0.21 

7.29 

11.93 

K£9 

0.37 

0.14 

0.02 

nd 

10 

51.86 

1.11 

15.75 

10.94 

0.18 

6.89 

11.38 

m 

0.72 

0.13 

0.02 

tk 

4 

50.75 

1 

15.78 

9.34 

0.21 

6.74 

14.61 

1.04 

0.38 

0.1 

0.04 

gd 2 * 

5 

46.76 

1.06 

7.72 

14.13 

0.19 

22.41 

6.24 

0.74 

0.48 

0.1 

0.17 

mk* 

8 

49.34 

1.22 

16.65 

11.68 

0.19 

6.92 

11.57 

2.03 

0.3 

0.1 

- 

mr* 

6 

50.01 

1.11 

16.49 

11.31 

0.18 

6.99 

11.43 

1.97 

0.38 

0.11 

- 

nd* 

2 

50.97 

1.02 

16.69 

10.43 

0.18 

6.64 

11.11 

1.95 

0.85 

0.15 

- 

tk* 

9 

50.18 

0.89 

15.88 

10 

0.17 

9.09 

11.24 

2.12 

0.34 

0.08 


gd 2 * 

5 

48.64 

1.63 

10 

13.59 

0.2 

16.69 

7.61 

0.98 

0.53 

0.12 

- 


ripuMenaHHe: 1 - nponepK - 3;ieMeHT ne onpe/iejiajica; 2 - Bee cocTaBbi nepecHmanbi na 100%; 
3 - cBHTbi: mk - MOKyjiaeBCKaa. mr - MopoHroBCKaa. nd - Ha3e>K;tnHCKaH. tk - TyiciOHCKaa, gd - 
ry^MHXHHCKaH (no Heony6;inKOBaHHbiM jiaHHbiM aBTopOB); 4 - mk* - no jtaHHbiM (Lightloot, et 
ah, 1993), cojiep/Kanna okhcjiob npnBejienbi b Mac. %. 5 - HopnjibCK 1, ckb. V-22 - 
cpe/weB3BeniennbiH cociaB MaccnBa HopnjibCK 2 no ck*Ba>Knne V-22. 






























M, HaKOHeu. reoxHMHnecKHe xapaicrep hcth kh mr h BbiinejioKamHx cbht - sNd 
(Fedorenko et al., 1996; Lightfoot et al., 1993; Wooden et al., 1993) h, ocooemio, H30TonnbiH 
cocTaB cepbi (Grinenko. 1985; Ripley et al., 2003, 2010: - 5' 4 S = 1-5 b oa3ajibTax h jxo 18 %o b 
HHTpy3HBax) - cymecTBeHHO OTJiHHaKyrca or anajiorHMHbix napaMerpoB jxnn py;tOHOCHbix 
HHTpy3HBOB. B03MOHCHO, HTO p>7tOHOCHbie HHTpV3HBbI BHeitpHJIHCb nOCJie (J)OpMHpOBaHHfl 

Been Ty(])o-jiaBOBOH toxillih, nocKOJibKy nacTb HJOTomibix .aamibix no nnpKOHaM H3 
XapaejiaxcKoro reojiorHHecKHM aaHHbiM. mbcchbb .naeT B03pacT 220 mjih. jict (Malich et al., 
2010), KOTopbie He npoTHBopenaT b uejioM reo/iorHnecKHM /taHHbiM. 

BbiBOAbi. 

ripHBe/ieHHbie Bbime ^annbie no3Bo;isuoT c^e-iaxb bbibo^ o tom, hto py/tonocHwe 
HiiTpy3HBbi nanpaMyio ne CBH3aiibi c jiaBaMH, a 6buiH o6pa30Banbi b pesyjibTaTe 
caMOCTOflTejibHoro MarMaTHHecKoro HMnyjibca b nocjieHa^eyK^HHCKoe BpeMfl. 



rjIABA 5. CocTaBbi hcxojhi>ix pacnaaBOB HHTpy3HBOB 

Ha npoTK>KeHHH mhothx a ex npeanoaaraaocb. hto m ecro po >xae h ha, b xoTopbix pyabi 

HBHfllOTCfl COCTaBHOH MaCTbK) yjl brpaoaX H T-6a3 H TO B bl X HHTpy3HBHblX Tea, MOryr 6bIXb 
o6pa30Banbi ocoGhmh nnxpnTOBbiMH pyaoHOCHbiMH MarxiaMH, hto OTpa3naocb b panunx 
Moaeaax (JjopMnpoBaHna HOpnabcxnx MecTopoacaeunn (roaaeBCKHH. 1959; 3oaoTyxHH h ap., 

1978; /Jio>khkob h ap., 1988). IlpHMepbi t3khx MarM H3BecTHbi b npapoae, oto - 
BbicoKoaceae3HCTbie pacnaaBbi ByaxaHa 3ab-JIaxo b naan (Frutos, Oyarzun, 19 7 5 ) 
MarnexHTOBbie aaBbi Ch6hph (Pa6oB. naBaoB. 1991), pyanbie pacnaaBbi boctohhoh nacrn 
Tnxoro oxeana b panoHe xpeoera XyaH-ae-Oyxa QKmoahk, 2002) h ap. OaHaxo b nocaeaHne 
aBa aecaTnaeTHa inupoKoe pacnpocrpaiieiiHe noayHHaa rnnoxeia o6pa30Banna Meano- 
HHKcacBbix MecTopoacaeHHH H3 pacnaaBOB ToaenTOBoro cocTaBa b oTxpbiTon chctcmc (Paabxo, 

1991; Li et al., 2009 2 ; Naldrett, 2009; ApncxnH h ap., 2009). 

Pa3an i iHM b cy>KaeHH»x o poan MarM3TH3Ma b pyaoo6pa30BaHHH bo mhotom 
oGycjioBJieiibi MeioannecKHMH noaxoaaMn, ripaMeiiaeMbiMn ana onpeaeaenna ncxoanbix 
cocTaBOB pacnaaBOB xax aaa HHTpy3HBOB. Tax n aaa aaB. £o cnx nop b I IopnabcxoM panone 
ohm paccwHTbiBajincb xax cpeaHeB3BeiueHHoe aaa oTaeabHbix HHTpyxnBHbix rea (/iHcnpoBcxaa 
h ap.. 1985. 1987), anoo >xe napaaaeanxoBaancb c pa3anHHbiMn npoayxTaMH xpncTaaaH3annH 
MarM: 1) nHxpnxoBbiMH 6a3aabraMH n nnxpHTOBbiMH ra66po-aoaepHTaMH nan 2) ra66po- 
aoaepnTaMH GoxoBbix cnaaoB pyaoHocnbix \iaccnBOB (3oaoTyxnn n ap.. 1986; PaGoB h ap., 

2000; Naldrett, 1992). OaHaxo nepBbic aBaaioTca xyMyaaTnBHbiMH o6pa30BannaMn. a cbhti. 
nocaeaHHx c ninpyjn Bavin He Bceraa Haaevxno ycxaHOBaeHa. 

noaTOMy b nocaeaHne roabi HaMH Gbian npeanpnHaTbi nonbiTxn ncnoab30BaHna 
apyrnx \ieioaoB ana iioayHenna aaHHbix oo ncxoaHbix pacnaaBax paaa MaccnBOB 
1 lopnabcxoro pyaHoro panona: 1) nenocpeacTBeHHoe onpeaeaenne nx cocTaBOB c noMombio 
H3yMeHna npnpoaHO nan xxcnepnMeHTanbHO 3axaaeHHbix pacnaaBOB b CTexaa b oanBHHax 
rinxpnTOBbix 6a3aabTOB n nnxpnTOBbix ra66po-aoaepnTOB paaa HHTpy3HBOB; 2) no 
pe3yabraxaM reoxaMnnecxon TepMOMeTpnn c ncnoab30BanneM c 3BM-Moaenn 

“KOMArMAT-3.5”. 

5.1. CocTaBbi pacnaaBOB no aamibiM iny'iemm MarMaTiiiecKHx BK.iio'ieinin 

Bo3Moa<HOCTb nonyneHna npatvion HH(j)opMannH o cocTaBax pacnaaBOB npn H3yHeHnn 
MariviaTHHecxHX BxmoneHnn b MHHepaaax noaBnnacb b nocaeaHne aBaaecarnnerna b cb«3h c 
pa3BnTneM hobhx npeun3HOHHbix MeraaoB nccaeaoBaHna BemecTBa (CoGoneB, 1996; 1997; 
Inclusions in minerals...., 2005). B mhpoboh npaxraxe H3yHeHna naaTHHOBbix n MeaHO- 
HHxeaeBbix m ec to poacae11nn H.vieioTca noxa eanHHHHbie npnMepbi pa3paooTxn Moaeaen nx 
(|)opMnpoBaHna c Hcnoab30BaHneM aaHHbix, nonyneHHbix no MarMaTnnecxnM BxmoneHnaM 



(EyjiraKOBa, 1971; EyaraKOBa, PhGob, 1972: BopuenHeB, 1978; KpHBoaynKaa, CoGoaeB, 2001; 
Kohhhkob h ap., 2005). B GoabuiHHCTBe cnynaeB paGoxbi 6a3HpyioTCH Ha H3yneHHH 
KpHCTajuiHHecKHx h (JjJHOHAHbix BK.iiOHeHHH (Ballhaus. Stump fl. 1986: Boudreau et al., 1986; 
Boudreau, 1988). flyGanKannH, nocBameHHbie (J>op\iHpoBaHHK) Ch6hpckhx TpannoB c yueTOM 
AaHHbix no pacnaaBHbiM BKjHoneHHaM. KacatOTca npeHMymecTBeHHO meaoHHbix h 
cyGmeaonnbix nopoa npoBnnunH (CoGoaeB, CaynKHH. 1984; Ryabchikov et al., 2001, 
PhGhhkob h /tp., 2009; Co6ojieB h ap., 2009u). 

5.1.I.BK'iioieHiifi e oJiueuHax 

I la.Mii 6buiH BnepBbie HccaeaoBaHbi cociaBbi MarMaTHnecKHx bkjhohchhh b ojihbhh3x 
h 3 nopoa rjiaBHoro orana rpamiOBOio Mai viarn3Ma. CocraB BKaiOHeHHH Gbia H3yneH aaa paaa 
pyaoHOCHbix (TajmaxcKHH. XapaeaaxcKHH. CeBepo-MacaoBCKHH h IlopnabCK 1) h GexpyaHbix 
(MHaaie-TaaiiaxcKHH, 3eaenorpHBCKHn) MaccHBOB (KpHBOJiyuKaa, CoGoaeB, 2001; 
KpHBOJiyuKaa, 20111 ), a TaioKe nHKpmoBbix 6a3ajibTOB ryaHHXHHCKon cBHTbi (CoGoaeB h ap., 
2009|). B oxiHBHHax oGHapyweHbi caeayiomne THnbi MarMaTHnecKnx BKjiio i ieHHH (pnc. 5.1): 1) 
pacnjiaBHbie: CTeKJioBaTbie h pacKpHCTaaaHTOBaHHbic - nacTHMHO (ctckjio + ra3 + TBepaaa c|)a3a 
- oproimpoKcen, aM(|)n6oji, HJibMeHHT, anaTHT) h iioanocrbio (ra3 + rBepabie (Jiaibi); 2) 
KpHcrajuinnecKHe (naarHOKaaj, aabGnx. nnpoKceiibi. xpoMinrinneaHabi. anaTHT): 3) (jwiiOHflHbie 
n 4) KOMGnHHpoBaHHbie (TBcpaaa cjiaxa + pacnaaB nan cjiaioHa). Pa?Hbie Tnnbi BKaioMennH 
ncnoab30Baancb naMH ana ouchkh cocTaBOB MarM n ycaoBHH hx KpHCTanaH3annn: 
pacnaaBHbie (pacKpncTaaaH30BaHHbie) - ana onpeaeaeHna cocTaBOB ncxoaHbix pacnaaBOB; 
creKaoBarbie h (|)aionanbie - ana ycranoBaeiiHa coaepwaHHa aeryiHx KOMiioiieirroB; 
KpHCTaaannecKHe - Afia pacnera TCMiieparyp n f02 npn KpHCTaaaH3aitHH MarM. 

HecMorpa na oGiuee cxoacTBO, cymeciByer pasumia b cooiHouieHHH Bbiaejienubix 
TnnoB BKaioHennn b paxanHiibix HHTpy3HBax. B TaaHaxcKOM. XapaeaaxcKOM, Hnaaie- 
TaanaxcKOM h IlopnabCK 1 MaccHBax npn aoMHHnpyiomeH poan pacnaaBHbix BKaioHeHHH 
BCTpeuaerca Goabinoe KoannecTBo KpncTaaannecKHx <J)a3 (ocoGchho naarnoKaa3a, 
CBHaereabCTByiomero o ero KoreKTHnecKOH KpHCTaaan3annH c oanBHHOM). B TaaHaxcKOM 
HHTpy3HBe ropaaao name, ucm b apyrnx, BcxpenaioTca cTeKaoBaTbie BKaioweiina. a Taioxe 
xpoMinnHHeaHabi h nnpoKceHbi. B oaHBHHax 3eaeHorpnBCKoro MaccHBa KpHCTaaanMecKne 
BKaioneHHa peaKH, a npeoGaaaaioT KpynHbie pacKpncTaaaH30BaHHbie pacnaaBHbie BKaioneHna. 
3th aaHHbie CBHaeTeabCTByioT o pasnoM (jmoBOM cocTaBe HcxoaHbix MarM: b nepBOM caynae 
pacnaaB + ra3 + TBepaaa cj)a3a, bo btopom - pacnaaB + ra3. 



Glass 



20 MKM 









































1-4 - o6ihhh bhu 3epeH ojihbhh3 c BKatoneHnaMH; 5-14 - pacnnaBHbie BKaioneHna: 5-8 - 
CTeKJioBaTbie, 9-11 - h3cthhho pacKpncTaaaH30BaHHbie, 12-14 - noanocTbio 

pacKpHCTajiJiH30BaHHbie; 15,16 - KOMGHHnpoBanHbie BKaioneHna: 15 - xpoMinnnHeab + (]>aiOHa, 
16 - xpoMiunHHejib + CTeioio; 17-20 - cJjJiioHaHbie BKaioneHna, 21-24 - KpncTaaaHHecKne 
BKjiFOMeHHa: 21 - naarnoKaa3, 22 - xpOMiunHHeab, 23 - naarnoKaa3, 24 - anaTHT. Bubble - 
ny3bipb (BaKyyMHbin), Glass - CTexao, Opx - opTonnpoKcen. PI - njiarHOKJia3, Fluid - cjjaiona, 
Ap - anaTHT, Cr-Mt - xpOMMameTHT, Ilm - HjibMeHHT. 

PacnnaeHbie skji tone huh BCTpenaioTca name bccto (80% oobCMa bccx bkjuomchhh). Ohh 
pajjmuaiOTCH no paswepy h crpoeHHio: MejiKHe (10-12 mkm) oobiHHO creKaoBarbie, a KpynHbie 
(40-125 mkm) - pacKpHCTaajiH30BaHHbie. riocaeaHHe hmciot OBaabHyio wan 6an3Kyio k 
orpnuaTeabHOMy Kpncraaay (|>opMy. B Bnae MHnepaaoB-y3HHKOB b hhx ycTanoBaenbi: 
opTorinpoKcen, HabMeHHT, nuppoTHH. xaabKonnpnT, aM(J)H6oa, cnioaa (cfiaoronuT). 
PacKpncTajiaHTOBaHHbie BKaioHenna o6aaaaioT KpynHo- wan MeaKOKpncTaaanMecKon 
CTpyKTypoii, Macro npncyTCTByeT T0HK03epHHCTaa OTopoHKa (5 mkm) BOKpyr 
KpyriHOKpHcrajian'-iecKoro ueHrpa (40-50 mkm). 

flaa onpeaeaenna cocTaBOB pacnaaBOB BKaionenna narpeBaancb b KaMepe CHCTeMbi 
CoboaeBa-CaynKoro (CoOoaeB. CayuKHH, 1984) ao 7' IIJ1 nocaeaHero MHHcpaaa-y3HHKa (1200- 
1250°C). /(aHTeabnocTb BbiaepacKH o6pa3UOB npn T >1200°C He npeBbimaaa 5 mhh. B 
GoabuiHHCTBe onbiTOB aocTHmyra MacTHHHaa roMoreHH3auna BKaiOHeHHH (pacnaaB + (j)aiona). 
^aaee o6pa3Ubi 3aKaaHBaaHCb n noanpoBajiHCb. CocraB raaBHbix aaeMenTOB b creKaax n 
oanBUHe-xoTanne onpeaeaaaca c noMouibio aaeicrpoHHoro MHKpo30Haa. FoMoreHiiocTb 
noayneimbix JKcriepHMeiiTajibiio CTeKoa npoBepaaacb nyTeM conocTaBaeima nx cocTaBOB. 
H3MepeHHbix b HecKoabKHX TOMKax. B paae caynaeB npn HarpeBaHnn 
KpyimopacKpncrajiaHTOBaHHbix BKaiOMeHnn b xoae 3KcnepnMeHTa b hhx Ha6aioaaaca pocr 
MarHe3HaabHbix cj>a3 (6oaee Manie3Haabiioro oaHBHHa. neM MHnepaa-xo3ann h 
oprounpoKcena). 3KcnepnMeHTaabiio Gbiao ycTaHOBaeHO. hto nopMaabHbin cocraB 
BKaioneHHH nojiynaeTca npn ttom npn NieaaeHHOM noaxoae k TeMnepaType lOMoreiiHiann h ot 
1100 ao 1200-1250°C (b TeneHHe 5 nacoB) b ycraHOBKe c peryanpyeMOH c[)yrHTHBHOCTb 
KHcaopoaa. OnbiTbi BbinoaHaancb b aaSopaTopnn A.A. Kaanxa npH noMomn A.A. 
KapraabueBa. M.B. BoaoBeuKoro. H.M. Cbhpckoh. 

M3MepeHHbie cocTaBbi roMoreHH3npoBaHHbix bk-Tiohchuh nepecHHTbiBaancb ao 
paBHOBecna c oaHBHHOM-xo3anHOM no npoipaiNie •TIF.TPOJIOr-2"\ CoraacHO pacneTaM. 
aeTynecTb Kncaopoaa cocTaBaaaa lgfCh = -7.4...-7.5. T.e. BapbnpoBaaa oxoao 6y(j)epa NNO ± 
0,5 (npn T V0 \\ = 1200-1250°C). AHaan3 noayneHHbix pe3yabTaroB (Ta6a. 5.1, pnc. 5.2) 



CBHjieTejibCTByeT o tom. hto ana BKjnoneHHH H3 ojihbhhob iihkphtobbix oaiaabTOB 
ry^HHXHHCKOH h TyicioHCKOH cbht THnHHCH y3KHii anana30H Bapnaunn MgO (7-10 Mac. %). 
Run BKaiOHCHHH H3 HHTpV3HBHbIX nopoa VCTaHOBHeH OOHee CymeCTBeHHblH pa36poc 
coaep>xaHHH MgO (ot 3 zio 1 1 Mac. %). OTpaacaiomHH (J)paxLiHOHHpoBaHHc pacnjiaBa 
(coaep>xaHHfl Si02 xoppeanpyiOTCH c MgO). KpoMe Toro. pacnjiaBHbie bjohohchwh 
xapaKTepH3\ ioTCH noBbimeHHbiMH coaepxcaHHHMH THTana h. meaoneH, c b nacTeabCTByiom h e o 
xpncTaaan iaunn ojiHBHHa Hi (|)paxuHonHpoBannoro pacnjiaBa h ero hHT paiejuiypHnecKO h 
npnpoae. CaeayeT otmcthtb. hto koh ucHTpaun h xjiopa bo bkjhohchhhx hh3khc h 3aBncaT ot 
coaepwaHHH xaana b pacruiaBe, hto HanSoaee thiihhho aaa HHTpy3HBa HopHjibCK 1. 
KonueHTpauHH xjiopa b pyaoHocnbix h oe3pyanbix MaccHBax 6 jih3kh Moxay coGoh ((Jjht. 5.3). 
Rax noxaiano paiiee (KpnBoayuxaa. CoooaeB. 2001). xpHBbie pacnpeaeaenna 3ae\ienTOB- 
npHMecen Hi BKaioneHHH b oauBHuax. HopMaaH30Bannbie no othoiuchhio k npHMHTHBHOH 
MaHTHH (pnc.5.4), pa3aeafl»OTC« Ha wa THna: 1) 6aH3KHe no xapaxTepy k noayncHHbiM no 
nopoaaM, no oraHHaiomneca ne6oabmnM Eu-MHHHMyMOM (MaccnBbi 3eaenorpHBCKHH, 
HH>Kne-TajinaxcKHH); 2) peixo orannaioinHeoi or hhx 6oaee bbicokhmh xoHuempanHHMH 
Bcex peaxnx aaeMenroB. (nmpy3HBbi TaanaxcxHH. Xapaeaaxcxnn n HopnabCK 1). .flaa 
MaccHBa HopnabCK 1 3to noKa3ano na pnc. 5.4 (aaa nnKpnTOBoro ra66po- aoaepnra H3 ckb.I- 
22, oroGpannoro c raySnubi 64 m): coaepwanna peaxnx 3aeMeHTOB b nopoae cymecTBemio 
HH*e, hcm bo BKa*oHCHH»x b oaHBHuc (cpeaHee aaa 21 BKaioneHHH, neonyoaHKOBannbic 
aannbie aBTopa). Tbkhm oopaiOM, BbicoKne xoimen rpannn peaxnx 3aeMen iob xapairrepHbi aaa 
pacnaaBOB, c(j)opMHpoBaBinnx pyaoHOCHbie MaccHBbi. IlpnneM cTenenb oGoramennoc™ 
3JIC M C HTB M H - II p H M CC a M H 33BHCHT OT COCTaBa 0aHBHHa-X03«HHa - OT (|)aaaHTOBOH 

cocTaBaaiomen b hcm, t.c. cBaiaHa c npoueccoM KpncTaaa h 3a li ho hhoh an(|)(|)epcimnaLiHH b 
ncxoaHbix MarMax. 

KpucmanjimecKue emiouenim THHHHHbi aaa oanBHua: MeaKne 3epna (or 1-3 ao 10-12 
mkm) HMeiOT onaaBaeHHbie rpaHH, b to BpeMa xax KpynHbie (6oaec 15 mkm) xapaxTepH3VKyrca 
HaHOMop(|)iibiMH oHepTannaMH. HanGoabinnii HHTepec npeacTaBHHioT BKaionenna 
xpOMLHHHHeanaoB b oanBHHax. KOTopbie no3BoaaiOT cyanTb o IO 2 xncaopoaa b pacnaaBe 
(Ta6a.5.2). Cpean oxcnaoB npeooaaaaeT xpoMMarneTHT. npnneM no cocTaBy cnabiio 
OTannaioTca MHHcpaabi H3 pa3anHHbix HHTpy3HBOB h nnKpHTOBbix 6a3aabTOB. Tax. no 
coaep>xaHHK) V2O3 nanSoaee ooorameHbi xpoMuinnHeanabi H3 oanBHHOB nnxpnTOBbix ra66po- 
aoaepnTOB Hn>KHe- TaaHaxcxoro MaccnBa. 



Taojwna 5 . 1 . CocraB roMoreHH3HpoBaHHbix bkjhohchhh b OJiHBHHax, Mac.% 


Jfo 

n.n. 

Ns o6pa3ua 

Si 0 2 

Ti 0 2 

ai 2 o 3 

FeO 

MnO 

MgO 

i 

4051/18 

57.86 

1.36 

13.04 

11.04 

0.33 

5.12 

2 

3018/19.8 

60.38 

2.54 

12.01 

10.43 

0.19 

6.50 

3 

228-15a 

63.86 

0.96 

13.40 

8.30 

0.15 

5.34 

4 

228-18 

59.68 

2.12 

13.34 

11.19 

0.17 

5.59 

5 

OM-5/1220 

50.93 

1.90 

10.39 

14.37 

0.28 

5.77 

6 

TG31/820 

59.07 

1.14 

13.28 

11.35 

0.14 

4.52 

7 

TG31/820 

53.48 

0.82 

13.30 

11.93 

0.21 

7.56 

8 

0-233/343 

49.83 

0.56 

17.74 

10.80 

0.24 

7.06 


0-233/343 

58.73 

0.18 

14.59 

8.24 

0.27 

5.91 

10 

0-233/343 

50.83 

1.07 

12.94 

12.16 

0.24 

8.37 

11 

0-233/343 

50.07 

1.04 

12.57 

12.40 

0.18 

8.39 

12 

0-233/343 

51.44 

1.01 

13.49 

10.70 

0.28 

7.46 

13 

0-233/343 

53.95 

1.27 

15.09 

8.88 

0.21 

5.90 

14 

0-233/343 

51.98 

1.24 

16.93 

8.83 

0.28 

6.00 

15 

0-233/350 

49.41 

0.82 

13.98 

14.68 

0.32 

8.02 

16 

0-233/350 

49.66 

0.92 

14.61 

14.19 

0.30 

7.06 

17 

0-233/350 

50.39 

0.92 

15.15 

14.08 

0.28 

5.85 

18 

CY-315-5 

49.02 

0.25 

18.15 

13.53 

0.17 

7.70 

19 

CY-315-4 

48.91 

0.02 

18.53 

12.93 

0.16 

7.41 

20 

XC-51/130 

54.06 

1.31 

12.89 

10.61 

0.17 

8.77 

21 

XC-51/130 

54.79 

1.43 

12.92 

11.34 

0.22 

7.84 

22 

XC-51/130 

53.79 

1.40 

10.15 

9.64 

0.16 

9.80 

23 

XC-51/130 

54.23 

1.29 

12.39 

10.44 

0.14 

9.07 

24 

XC-51/130 

52.36 

1.54 

13.18 

10.28 

0.13 

9.00 

25 

XC-51/130 

53.07 

1.75 

13.26 

7.68 

0.12 

9.50 

26 

XC-51/130 

51.21 

1.65 

13.45 

11.97 

0.17 

8.79 

27 

XC-51/130 

52.65 

1.55 

13.13 

9.91 

0.14 

8.98 
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CaO 

Na 2 0 

K 2 0 

Cl 

S 

P2O5 

CyMMa 

Fo, MOJI. 
% 

4.09 

4.75 


0.01 

BH 

ESI 

99.07 

73.24 

2.45 

3.06 

1.17 




99.08 

78.65 

2.18 

2.67 

1.22 

m 

0.03 

m 

98.7 

80.06 

2.24 

2.94 

1.24 

0.1 

0.08 

0.41 

99.1 

79 

9.37 

3.12 

0.33 

ISI 

0.06 

1.66 

98.81 

80.08 

3.23 

3.25 

1.33 

EE1 

0.12 

0.19 

97.6 

78.77 

7.98 

2.85 

1.4 

0.22 

0.11 

0.02 

99.88 

78.41 

9.49 

1.64 

1.51 

0.02 

0.01 

0.08 

98.97 

78.13 

8.09 

2.1 

0.77 

0.25 

0.11 

0.32 

99.56 

78.35 

9.71 

2.51 

0.9 

0.01 

0.03 

0.11 

98.88 

79.58 

10.98 

2.32 

0.75 

0.08 

0.01 

0.12 

98.91 

79.49 

11.22 

2.5 

0.74 

0.02 

0.04 

0.14 

99.03 

79.84 

9.27 

3.34 

1.09 

0.01 

0.03 

0.15 

99.2 

79.3 

11.07 

1.79 

0.68 

0.02 

0.01 

0.33 

99.16 

78.42 

8.86 

1.63 

0.66 

0.01 

0.11 

0.13 

98.69 

72.35 

9.01 

1.69 

0.67 

0.01 

0.03 

0.16 

98.45 

71, 89 

9.52 

1.73 

0.69 

0.02 

0.01 

0.12 

98.75 

68.98 

8.44 

0.91 

0.2 

0.03 

0.01 

0.03 

98.44 

75.77 

10.9 

1.35 

0.07 

0.07 

0.03 

0.06 

100.6 

76.76 

8.83 

2.24 

0.54 

0.01 

0.05 

0.15 

99.62 

81.96 

6.7 

3.46 

1.09 

0.02 

0.14 

0.22 

100.2 

80.05 

11.38 

2.41 

0.64 

0.02 

0.06 

0.17 

99.59 

82.61 

9.18 

2.33 

0.54 

0.1 

0.06 

0.18 

99.87 

81.69 

9.63 

2.5 

0.55 

0.12 

0.04 

0.15 

99.38 

81.77 

10.19 

2.45 

0.61 

0.11 

0.03 

0.16 

98.81 

82.42 

9.95 

2.21 

0.58 

0.1 

0.05 

0.15 

100.2 

80.37 

9.36 

2.46 

0.59 

0.15 

0.05 

0.16 

98.99 

82.09 


ripHMCMaHHC. Nl 1 oopaina COOTBCTCTByCT — HOMCp CKBa'/KHHbl/rJiyOHHa B M (O -233/350) H 
nojieBOH homcp (CY-315, 228-18); Bkjijohchhh H3 HHTpy3HBOB: 1-2— TajiHaxcKoro, 3—4 — 
HopHjibCK 1, 5 — Mac;ioBCKoro, 6 J — FlHwne-TajiHaxcKoro, 8 — 17 — 3ejienorpHBCKoro, 

1 8- 19 - H3 IlHKpHTOBblX 6a3a.1bTOB TyKJIOHCKOH CBHTbl, 20- 27 - nHKpMTOBbIX 6a3aJIbTOB 


ry^HHXHHCKOH CBHTbl. 










Ti02, Mac.% Ab0 3 , Mac.% 


18 

16 

14 

12 

10 

2 4 6 M 9°’ Mac %8 10 12 


Al 2 0 3 - MgO 



□ MacnoBCKMM-ceBep 
■ TanHaxcKUM 
A 3 eneHanrpnBa 
• TyAHUxa-JlaMa 

A) 



□ HopunbCK 1 
▲ Hn>KHe-TanHaxcKm 4-2 

• TyAMUxa-CyHAyK 

• ryAHMxa-XC 


□ MacnoBCKMM-ceBep 
■ TanHaxcKMM 
• TyAHuxa-CyHAyK 


□ HopunbCK 1 
A Hw>KHe-TanHaxcKni 4-2 
• fyAHuxa-JlaMa 


A HnjKHe-TanHaxcKiiM 
A 3 eneHaa TpuBa 
• fyAHuxa-XC 


B) 

Phc. 5.2. ^HarpaxiMbi (A) AI 2 O 3 - MgO h (B) Ti02 - MgO AJifl roMoreHH3HpoBaHHbix 

pacnjiaBHbix bkjiiohchhh 






k 2 0, 



□ MacnoBCKMM-ceBep □ HopunbCK 1 ■ TanHaxcKMM A Hn>KHe-TanHaxcKMM-2 

A 3eneHan fpuBa • TyAHuxa-CyHAyK • fyAHuxa-JlaMa • fyAnuxa-XC 


Phc. 5.3 . /UiarpaiviMa K2O - Cl aj i« pacnaaBHbix bkjhomchhh b ojiHBHHax 



Phc. 5.4. CnaHAcprpa.viMa aj i« pacruiaBHbix bkjiiohchhh b ojiHBHHax (chhhc jihhhh) h BajroBoro 
cocTaBa nopoA (KpacHaa jihhhh) H 3 nHKpHTOBbix raoopo-AOJiepHTOB MaccHBa HopnjibCK 1 

Tohkh hx cocTaBOB (pHC.5.5) 3aHH\iaiOT ooocoGjiennoe nojie iia AHarpaMMe V2O3 - 
Fe 2+ /Fe 3 * lllM (paccHHTaHHoe cooTHomeHHe abvx- h TpexBajieHTHoro acejie3a b mriHHejiHX, 
HCXOA« H 3 HX CTeXHOMeTpHH). I Io.lfl COCTaBOB XpOMLIinHHeJIHAOB H 3 OJIHBHHOB nHKpHTOBbIX 




6a3ajibTOB ryzfHHXHHCKOH h tvkjiohckoh cbht nepeKpbiBaK)TC« mokjv coooh h pa3o6meHbi b 
npocTpancTBe c TaKOBbiMH mia HHTpy3HBHbix nopox Mpn 3tom BapnanHH no o6ohm 
paccMaTpHBaeMbiM KOMnonenTaM ann MnnepajiOB H3 tvkjiohckoh cbh™ cymecTBeimo Bbiine. 
XpoMinnHHejiHzibi H3 nHKpHTOBbix raoopo-^ojiepHTOB TaimaxcKoro, H\iaHr^HHCKoro. 
HopnjibCK 1 \iaccHBOB ABjiaioTCfl Hanoojiee xpOMHCTbiMH: Cr# Cr/(A1+Cr) = 0.77-0.81, b to 
BpeMH KaK HHXcueTajiHaxcKHe oKcnubi oojiaaaioT 3naMHTejibiio oojiee hh3khm noKa3arejieM: 
0.46-0.57. /T,JI« nHKpHTOB TVKJIOHCKOH H ryjlHHXHHCKOH CBHT THIIHMHbl 11 pO M OKyi'O l I H bl e 
3HaneHH5i oToro noKa3aTejia (b cpenneM 0.65). Cjie^yeT 0T\ieTHTb oneiib BbicoKne coaepncaHHa 
THTaHa (no 6.77 Mac. %) b ninnHCJiimax TajiHaxcKoro HHTpy3HBa. Ha ocHOBaHHH Hero hx 

MOXCHO OTHeCTH K THTaHOXpOMHT&M . CaMblH paCIipOCTpaHCHHblH MHliepaJI, o6napy>KHBaeMbIM 
b BH/ie bkjhomchhh b ojihbhhc - njiarHOKjia3. Fro onjiaBjieHHbie 3epna, pa3McpoM ao 40 mkm, 
iianGojiee THnHHHbi ju ia ojihbhhob H3 MaccHBOB TajinaxcKoro pyjuioro y3Jia; iiiaHHTejibiio 
pence ohh BCTpcMaioTca b 3ejieHorpHBCKo\i HHTpy3HBe. CocTaBbi njianioKjia30Bbix bkjhomchhh 
npuBC/iCHbi b ia6ji. 4. AHajnn nojiyMeHHbix ^aHHbix CBHAeTejibCTByer o tom, hto ochobhoctb 
3axBa i icn hoto ruiarnoKjiaia H3 nopoji TajinaxcKoro h IIuncHC-TajiHaxcKoro HiiTpyiHBOB Bbiiue, 
neM Marne3HajibHOCTb co/icpncamcro ero ojiHBHiia, a ju la pejiKo BCTpenaiomHxcn 3epen 
ruiai HOKjiaia H3 3ejienorpHBCKoro MaccHBa 3th noKa3aTejin conocTaBHMbi (Ta6ji.5.3). 



2+ 3+ 

Phc. 5.5. XlnarpaMMa V2O3.. Fe /Fe uin Ana mnHHejiHjioB H3 nopon pa3JiHMHbix MaccHBOB h 

nHKpHTOB ryjlHHXHHCKOH CBHTbl 






Ta6jiHua 5.2. C'ocraB xpoMiiniHueaHjoB (\iac.%) 



1 

2 


4 

5 

6 

7 

8 

Koivino- 

HCHTbl 

IM-29 

IM-30 

1M-31 

1M-1 

1 

l 

^1 

1 

2 

T-22/64-4 

F-22/64-5 

Si0 2 

0.38 

0.41 

0.37 

0.29 

0.44 

0.34 

0.47 

1.18 

Ti0 2 

2.33 

3.69 

3.65 

2.52 

1.67 

3.13 

1.28 

1.42 

ai 2 o 3 

9.34 

8.36 

7.79 

9.14 

10.39 

8.56 

5.36 

5.57 

Cr 2 0 3 

30.27 

29.76 

26.92 

27.48 

34.20 

32.81 

31.52 

31.30 

v 2 o 3 

0.50 

0.23 

0.47 

0.60 

0.36 

0.25 

0.64 

0.71 

FeOof, 

50.05 

49.82 

53.61 

52.48 

46.36 

48.23 

51.62 

50.81 

MnO 

0.40 

0.40 

0.42 

0.43 

0.44 

0.42 

0.45 

0.42 

MgO 

3.53 

4.45 

2.88 

3.32 

3.71 

3.57 

3.03 

3.97 

NiO 

0.15 

0.15 

0.16 

0.19 

0.15 

0.15 

0.20 

0.19 

ZnO 

0.20 

0.16 

0.23 

0.24 

0.23 

0.20 

0.25 

0.25 

CyMMa 

97.15 

97.52 

96.52 

96.68 

97.99 

97.66 

94.83 

95.86 

FeO 

29.51 

29.32 

31.20 

29.65 

29.00 

30.07 

27.97 

27.97 

Fe 2 0 3 

22.83 

22.78 

24.91 

25.37 

19.29 

20.18 

26.28 

25.38 

CyMMa1 

99.43 

99.71 

98.99 

99.22 

99.88 

99.68 

97.45 

98.36 

Fo 

76.0 

76.0 

75.5 

76.2 

77.1 

77.4 

79.3 

76.4 

Fe 2+ /Fe 3+ mn 

1.44 

1.43 

1.39 

1.30 

1.67 

1.66 

1.18 

1.22 

Fe 2+ /Fe 2+ p 

4.52 

4.49 

4.34 

3.96 

5.51 

5.44 

3.50 

3.67 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Komho - 

HeHTbl 

4051/18-1 

4051/18-2 

4051/18-3 

4051/18-4 

4051/18-5 

4051/18-6 

4051/18-7 

TF-31/827- 

1 

Tr-31/827- 

2 

C-l 

00 

^ cn 
co 

U 

— 

Si() 2 

0.32 

0.58 

0.55 

2.86 

0.55 

0.50 

0.49 

0.50 

0.50 

0.49 

Ti0 2 

4.51 

7.93 

5.88 

5.24 

22.30 

6.17 

7.23 

3.73 

2.54 

0.53 

A1 2 0 3 

8.72 

4.40 

6.50 

5.02 

2.60 

6.36 

4.61 

6.75 

7.94 

4.16 

Cr 2 0 3 

45.48 

15.78 

21.41 

16.63 

10.64 

20.57 

16.77 

9.08 

9.46 

9.17 

v 2 o 3 

0.24 

0.83 

0.74 

0.77 

0.51 

0.83 

0.70 

2.46 

2.47 

1.42 

FeO„o 

26.79 

64.77 

59.44 

65.14 

58.87 

59.88 

64.37 

71.58 

70.88 

75.89 

MnO 

0.20 

0.51 

0.44 

0.33 

0.42 

0.40 

0.31 

0.34 

0.36 

0.27 

MgO 

14.07 

2.80 

3.03 

2.44 

3.27 

3.23 

2.74 

2.94 

3.01 

1.53 

NiO 

0.33 

0.13 

0.07 

0.10 

0.00 

0.06 

0.22 

0.00 

0.01 

0.09 

ZnO 

0.09 

0.17 

0.30 

0.24 

0.05 

0.07 

0.07 

0.10 

0.09 

0.06 

CyMMa 

100.74 

97.91 

98.37 

98.75 

99.19 

98.07 

97.51 

97.49 

97.25 

93.60 

FeO 

16.24 

35.48 

33.68 

37.09 

47.75 

33.71 

34.94 

32.19 

31.08 

29.94 

Fe 2 0 3 

11.72 

32.55 

28.63 

31.18 

12.35 

29.09 

32.71 

43.78 

44.23 

51.07 

CyMMa 1 

101.92 

101.17 

101.24 

101.88 

100.43 

100.99 

100.78 

101.88 

101.68 

98.72 

Fo 

76.1 

73.6 

73.6 

70.7 

73.2 

74.4 

74.1 

77.8 

77.7 

78.3 

Fe 2+ /Fe ! ‘iiin 

1.54 

1.21 

1.31 

1.32 

4.30 

1.29 

1.19 

0.82 

0.78 

0.65 

Fe 2+ /Fe J+ p 

4.95 

3.61 

3.99 

4.05 

18.95 

3.92 

3.52 

2.16 

2.03 

1.61 
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19 

20 

21 

22 

23 

24 

25 

26 

KoMnOHCHTbl 

TT- 

31/827-4 

Tr- 

31/827-5 

_ 

O- 

233/350 

_1 

O- 

233/350 

O- 

233/350 

530-12-9 

l 

CN 

1 

O 

r*“) 

DC 

1 

n 

1 

O 

Si0 2 

0.50 

0.56 

0.42 

0.49 

0.70 

0.39 

0.33 

0.41 

Ti0 2 

2.05 

4.12 

1.02 

7.14 

4.31 

1.84 

1.86 

2.43 

Al 2 o 3 

9.64 

5.61 

3.55 

3.88 

5.61 

14.38 

14.12 

16.04 

Cr 2 0 3 

12.18 

8.79 

25.18 

26.03 

17.76 

42.73 

42.54 

35.59 

v 2 o 3 

1.45 

2.25 

0.71 

0.81 

0.49 

0.51 

0.50 

0.95 

FeOoo 

67.47 

72.24 

64.41 

51.74 

66.00 

32.09 

31.84 

36.78 

MnO 

0.31 

0.34 

0.48 

0.52 

0.44 

0.32 

0.31 

0.30 

MgO 

3.27 

2.98 

2.22 

5.32 

2.99 

6.82 

6.64 

6.26 

NiO 

0.15 

0.21 

0.26 

0.31 

0.11 

0.06 

0.06 

0.06 

ZnO 

0.02 

0.12 

0.07 

0.00 

0.14 

0.19 

0.20 

0.20 

CyMMa 

97.02 

97.21 

98.31 

96.23 

98.53 

99.36 

98.42 

99.04 

FeO 

30.38 

32.06 

30.04 

30.01 

32.67 

25.45 

25.32 

27.08 

Fe 2 0 3 

41.21 

44.65 

38.20 

24.15 

37.04 

7.37 

7.25 

10.77 

CyMMa 1 

101.15 

101.68 

102.14 

98.65 

102.24 

100.07 

99.13 

100.10 

Fo 

77.4 

78.4 

78.83 

78.62 

78.38 

76.78 

76.55 

75.21 

Fe 2 7Fe J4 mn 

0.82 

0.80 

0.90 

1.43 

1.01 

3.84 

3.88 

2.79 

Fe 2 7Fe' ,+ p 

2.17 

2.09 

2.46 

4.48 

2.85 

16.34 

16.60 

10.79 


IIpHMeMaHHe. PacMCT FeO, Fe 203 npoH3BO^Hjica no cTexHOMCTpnn uinnHe-in; FcOoo - o6mee 
>Ke;ie3o; CyMMa n CyMMa 1 - cyMMbi anajumno h iioc;ie nepecneia >Kejie3a cootbctctbchho; 
Fe 2+ /Fe 3+ mn h Fe 2+ /Fe 3 ~ p - cooTHouieHne jbvx- h TpexBaneHTHoro >Kejie3a b uinnuejm w b 
pacnjiaBe (Maurel.1982); Fo - conep^anne (J)opcTepHTOBoro KOMnoneirra b ojiHBHiie-xo3HHiie 
(moji.%); Hoxiepa aHajiH30B. MaccHBbi: 1-6 - M.MaHraHHCKHH , 7.8 - HopnjibCK 1, 9-15 - 
TaiiHaxcKHH. 16-20 - IIn>KHe-TajiHaxcKHH. 21-23 - 3e.ieHorpHBCKHH, 24-26 -nHKpHTbi 


Ha^eHCZlHHCKOH CBHTbl. 






























TaGjinua 5.3. CocrraB njiarH0K;ia30B H3 ojihbhhob nmcpHTOBbix raoopo-^ojiepHTOB. Mac.% 


No 

n.n. 

No o6p. 

1 

A1 2 0 3 

FeO 

CaO 

Na 2 0 

K 2 0 

CyMMa 

An. 

MOJl.% 

Fo, 

MOJl.% 


4051/18-1 

48.28 

32.40 

1.63 

16.17 

2.03 

0.10 

100.61 

81.51 

73.69 

2 

4051/18-2 

47.29 

28.76 

5.01 

13.32 

2.26 

0.17 

96.81 

76.53 

74.52 

3 

4051/18-3 

49.39 

32.08 

1.43 

15.82 

2.37 

0.11 

101.20 

78.69 

74.61 

4 

4051/18-4 

50.17 

31.34 

1.32 

14.74 

3.73 

0.27 

101.57 

68.62 

71.99 

5 

4051/18-5 

47.74 

32.46 

1.70 

15.39 

2.34 

0.19 

99.82 

78.45 

69.13 

6 

4051/18-6 

47.88 

33.13 

1.97 

15.24 

2.27 

0.20 

100.69 

78.82 

69.13 

7 

4051/18-7 

47.37 

33.11 

1.71 

15.70 

2.20 

0.14 

100.21 

79.81 

68.92 

8 

4051/18-8 

47.60 

32.62 

1.86 

14.93 

2.55 

0.20 

99.76 

76.44 

69.49 

9 

4051/18-9 

48.13 

32.13 

1.25 

15.49 

2.43 

0.15 

99.58 

77.88 

74.07 

10 

4051/18-0 

48.70 

31.09 

1.24 

15.90 

2.36 

0.25 

99.54 

78.85 

74.68 

11 

3018 

48.43 

31.72 

1.30 

16.59 

2.01 

0.06 

100.10 

82.04 

74.64 

12 

T1731-820 

48.1 


34.08 

1.55 

17.11 

1.91 

0.12 

102.87 

83.21 

78.35 

13 

Tr/3 1 -820a 

49.74 

32.11 

1.44 

14.81 

2.97 

0.37 

101.44 

73.40 

78.36 

14 

rr/3 1-8206 

47.67 

34.45 

1.23 

17.31 

1.83 

0.1 

102.59 

83.96 

78.91 

15 

rr/31 -829 

46.29 

32.64 

2.3 

16.75 

1.68 

0.1 

99.76 

84.65 

78.60 

16 

rr/31-839 

48.51 

32.56 

1.5 

15.76 

2.44 

0.05 

100.82 

78.14 

78.23 

17 

rr/31 -839a 

47.4 


32.42 

0.57 

15.81 

2.19 

0.03 

98.42 

79.98 

78.23 

18 

Tr/3 1-827b 

47.59 

33.46 

1.6 

16.62 

1.69 

0.03 

100.99 

84.48 

78.05 

19 

Tr/3 1 -827a 

47.22 

33.39 

1.73 

15.84 

2.29 

0.16 

100.63 

79.28 

77.91 

20 

Tr/3 1-827c 

47.19 

32.93 

1.72 

15.89 

2.154 

0.18 

100.06 

80.32 

77.91 

21 

Tr/3 1-829c 

47.54 

32.64 

1.1 

17.18 

1.64 

0.08 

100.18 

85.29 

77.70 

22 

$-233/343 

48.46 

32.37 

1.52 

16.04 

2.24 

0.11 

100.74 

79.82 

79.17 

23 

0-233/343a 

48.65 

32.40 

1.34 

16.05 

2.28 

0.11 

100.82 

79.58 

79.05 

24 

0-233/343c 

47.46 

31.62 

1.54 

15.96 

2.08 

0.10 

98.76 

80.97 

78.68 





















npHMenaHne. An, moji. %. - MOJibHaa aojia aHOpTHTa b naarHOK;ia3e; Fo - cocraB oaHBHHa- 
xo3aHHa, HHTpy3HBbi: 1-11 - TajmaxcKHH, 12-21 - Hn>KHe- FajiHaxcKHH, 22-24 - 
3ejieHorpHBCKHH. 


5 . 1 . 2 . Rkjuohchuh g nupoKcenax. 

rinpoKceHbi H3 pa3iibix ropn30HTOB raoopo-aojiepuTOB Macro coaepAar pacnaaBiibie 
BKjnoMeHH« ao 30-40 mkm, oaHaKO oGwmho ohh iipnypoMCHbi k ipemHHa.M cnafiHOCTH b 
MHiiepane, nooTOMy nojiyHenne roMoreHH3HpoBannbix ctckoji H3 hhx npeacTaBaaeT Gojibinne 
TpyjlHOCTH. 

HaMH 6bum o6napy>KeHbi yHHKaabHbie creKjioBarbie bkjik)mchh« b impoKcenax BepxneH 
MacxH IO>KHO-MacjiOBCKoro HHTpy3HBa (pnc. 5.6), rae rinpoKceH hb;ihctc» paHHefi 
jiHKBH.ayciioH (|)a30H, iio3To\iy hx H3yMeime npeacTaBaaeT ocoobifi nirrepec. Pa3Mep 
BKjiioMeiiHH aocTHraeT 70 mkm. 



Phc. 5.6. PacruiaBHbie bkjhomchhh b nnpoKCCHax lOAHO-MacaoBCKoro HHTpy3HBa Beaoe - 
CKejieTHbie KpncTaaabi MarneTHTa. TeMiio-cepoe - ruiarnoKJia3. cepoe-KaHnormpoKcen c 
pacruiaBHbiMH bk^iomchhhm (bhvtph bk.ik)mchhh - 3cpHa xpoMHinnHHeaHaoB, (|)oto cnpaBa). 

no name Bcero nonaaaiorcH BKaiOMenna 30-40 mkm. KpoMe CTeKjia n ny3bipa b hhx Macro 
npricyTCTByeT THTaHOMameTHT KaK b BHae aoMepHeii (j)a3bi. TaK h b Bnae 3axBaMeHHbix 
KpncTajuioB n 3epeH. roMoreHH3Hp\roTC5i BKjnoMeHHa nojmocTbio npn T=1 170-1190°C b 
3aBHCHM0CTH ot Mame3HaabHocTH nupoKceHa. B hhx obuiH onpeaeaeHbi coacpAaHHfl aeTynHx 
KOMnoHeHTOB, b MacTHociH. Boaw - 0.5-0.9 Mac.%. xjiopa - JXO 0.2 Mac.% 





Ta6jiHua 5.4. CociaB pacmaBHbix bkjhohchhh (Niac.%) h coaepHcamHX hx nwpoKceHOB 


No 

BK/l. 

Si0 2 

Ti0 2 

m 

FeO 

MnO 

MgO 

CaO 

Na 2 0 

K 2 0 

P2O5 

S 

Cl 

Total 

1 

51.92 

1.60 

12.66 

13.27 

0.21 

5.79 

10.45 

3.11 

0.70 

0.21 

0.11 

0.14 

100.18 

2 

49.36 

1.71 

11.39 

14.60 

0.25 

6.43 

11.48 

3.01 

0.68 

0.19 

0.11 

0.21 

99.41 

3 

50.13 

1.76 

11.87 

15.02 

0.26 

5.84 

9.95 

3.02 

0.72 

0.21 

0.14 

0.25 

99.16 

4 

51.32 

1.57 

12.72 

13.48 

0.22 

5.68 

10.46 

3.02 

0.68 

0.20 

0.14 

0.13 

99.61 

5 

49.57 

1.83 

12.25 

15.11 

0.27 

5.82 

10.33 

3.08 

0.67 

0.21 

0.13 

0.22 

99.48 

8 

49.68 

1.51 

11.37 

14.32 

0.25 

6.63 

11.15 

2.98 

0.65 

0.19 

0.11 

0.18 

99.02 

9 

49.48 

1.60 

11.22 

14.89 

0.27 

6.39 

11.29 

2.61 

1.45 

0.19 

0.13 

0.19 

99.71 

10 

49.37 

1.67 

11.14 

14.42 

0.26 

6.60 

11.21 

2.83 

0.64 

0.20 

0.12 

0.20 

98.65 

11 

49.36 

1.66 

11.50 

15.09 

0.24 

6.13 

10.86 

2.94 

0.62 

0.19 

0.13 

0.19 

98.92 

12 

49.71 

1.63 

11.59 

14.08 

0.24 

6.77 

11.48 

2.70 

0.60 

0.17 

0.11 

0.13 

99.21 

13 

50.09 

1.55 

11.69 

14.06 

0.23 

6.57 

11.27 

2.88 

0.62 

0.20 

0.13 

0.13 

99.42 

14 

50.47 

1.58 

11.59 

13.78 

0.26 

6.83 

11.36 

2.68 

0.61 

0.17 

0.11 

0.12 

99.56 

15 

48.29 

1.84 

10.92 

15.40 

0.27 

7.06 

11.70 

2.82 

0.55 

0.18 

0.09 

0.15 

99.27 

16 

50.65 

1.73 

12.17 

14.39 

0.25 

5.73 

10.47 

2.94 

0.66 

0.19 

0.11 

0.20 

99.49 

17 

47.89 

1.79 

8.95 

17.71 

0.29 

7.58 

11.08 

1.88 

0.49 

0.16 

0.07 

0.09 

97.99 

18 

52.07 

1.63 

12.86 

12.49 

0.30 

6.07 

10.90 

1.92 

0.70 

0.18 

0.03 

0.01 

99.16 

19 

49.55 

1.63 

11.36 

15.15 

0.24 

6.03 

10.97 

3.19 

0.66 

0.19 

0.15 

0.18 

99.31 

20 

48.61 

1.87 

12.53 

15.14 

0.24 

5.72 

10.46 

2.99 

0.60 

0.18 

0.13 

0.13 

98.59 

21 

51.39 

1.52 

12.96 

12.78 

0.25 

6.06 

10.72 

2.93 

0.64 

0.13 

0.02 

0.02 

99.43 


Si0 2 

Ti0 2 

ai 2 o 3 

FeO 

MnO 

MgO 

CaO 

Na 2 0 

NiO 

Cr 2 03 

Total 

Mg # 

1 . 50.75 

0.80 

3.05 

9.56 

0.22 

15.14 

20.04 

0.30 

0.02 

0.03 

99.92 

73.85 

2 . 51.11 

0.61 

2.24 

9.21 

0.22 

15.49 

20.08 

0.26 

0.01 

0.02 

99.25 

75.00 

3 . 51.48 

0.64 

2.32 

9.68 

0.26 

16.14 

19.02 

0.26 

0.02 

0.02 

99.84 

74.82 

4 . 51.83 

0.53 

2.09 

8.36 

0.21 

16.00 

20.33 

0.26 

0.01 

0.03 

99.66 

77.33 

5 . 50.14 

0.79 

3.15 

9.56 

0.23 

15.22 

19.77 

0.31 

0.01 

0.02 

99.21 

73.95 

6 . 51.25 

0.59 

2.22 

9.22 

0.23 

15.52 

19.79 

0.27 

0.01 

0.02 

99.13 

75.02 

7 . 51.01 

0.59 

2.33 

9.55 

0.24 

15.76 

19.41 

0.28 

0.00 

0.02 

99.20 

74.64 

8 . 50.94 

0.59 

2.26 

9.02 

0.23 

15.40 

19.90 

0.28 

0.01 

0.02 

98.67 

75.27 

9 . 50.31 

0.56 

2.30 

9.44 

0.24 

15.49 

19.22 

0.32 

0.02 

0.02 

97.93 

74.54 

10 . 52.20 

0.56 

2.12 

8.78 

0.22 

15.95 

20.11 

0.27 

0.02 

0.02 

100.25 

76.41 

11 . 51.54 

0.57 

2.15 

8.91 

0.22 

15.57 

20.14 

0.27 

0.02 

0.02 

99.41 

75.71 

12 . 51.63 

0.56 

2.18 

8.82 

0.22 

15.92 

20.09 

0.27 

0.01 

0.02 

99.71 

76.28 

13 . 51.63 

0.59 

2.32 

9.23 

0.23 

15.44 

20.02 

0.28 

0.01 

0.02 

99.78 

74.88 

14 . 51.54 

0.62 

2.30 

9.32 

0.23 

15.53 

19.67 

0.28 

0.01 

0.02 

99.53 

74.83 

15 . 51.13 

0.58 

2.17 

9.03 

0.22 

15.58 

19.87 

0.28 

0.02 

0.03 

98.91 

75.46 

16 . 51.03 

0.58 

2.21 

9.16 

0.23 

15.57 

19.72 

0.28 

0.01 

0.02 

98.81 

75.19 

17 . 50.83 

0.61 

2.29 

9.30 

0.22 

15.29 

19.97 

0.27 

0.01 

0.03 

98.82 

74.55 

18 . 50.12 

0.78 

3.07 

9.38 

0.22 

15.10 

19.84 

0.28 

0.02 

0.02 

98.84 

74.15 

19 . 51.10 

0.59 

2.24 

9.09 

0.23 

15.66 

19.87 

0.25 

0.01 

0.03 

99.07 

75.44 

20 . 50.59 

0.52 

2.02 

9.64 

0.25 

15.67 

18.97 

0.28 

0.02 

0.02 

97.97 

74.35 

21 . 51.62 

0.55 

2.09 

8.93 

0.22 

15.89 

20.09 

0.26 

0.01 

0.02 

99.67 

76.03 









TaojiHua 5. 5. Coziep>KaHHH 3Jie\ieHTOB-npHMeceH bo BKjnoneHHflx b impoKceHax (t/t) 


N 9 BK / l . 

SneMeHT 

1 

2 

4 

6 

12 

13 

16 

21 

K 

7045 

6472 

5172 

5869 

5452 

5928 

5150 

11909 

Rb 

34.0 

34.2 

26.7 

34.9 

31.3 

34.6 

32.8 

58.8 

Sr 

243 

205 

191 

213 

209 

216 

187 

189 

Zr 

126 

123 

102 

142 

124 

121 

132 

129 

Ba 

238.0 

205.2 

170.1 

217.2 

201.3 

208.7 

182.7 

280.4 

Ce 

28.0 

24.9 

22.1 

29.1 

25.7 

25.7 

26.1 

25.2 

Sm 

5.04 

4.68 

4.05 

5.49 

4.77 

4.94 

5.30 

3.76 

Ta 

0.99 

1.03 

0.79 

1.23 

1.08 

0.98 

1.11 

0.95 

Th 

1.34 

1.20 

1.05 

1.43 

1.29 

1.28 

1.05 

1.78 

U 

0.53 

0.43 

0.36 

0.52 

0.46 

0.48 

0.35 

0.63 

Pb 

4.14 

4.16 

3.10 

4.70 

4.43 

4.27 

3.95 

0.74 

Hf 

3.87 

3.60 

2.72 

4.56 

4.03 

3.84 

4.55 

3.41 

Lu 

0.61 

0.59 

0.48 

0.79 

0.66 

0.58 

0.77 

0.48 

Dy 

5.91 

5.49 

4.57 

7.20 

6.15 

5.79 

7.02 

4.65 

Nd 

17.0 

16.1 

13.5 

19.2 

17.9 

15.8 

18.1 

15.4 

Pr 

3.49 

3.13 

2.71 

3.80 

3.51 

3.18 

3.50 

3.22 

La 

12.1 

11.0 

9.1 

12.1 

10.9 

10.7 

11.2 

12.0 

Cs 

0.68 

0.61 

0.48 

0.57 

0.54 

0.79 

0.55 

7.16 

Nb 

7.24 

642 

5.44 

7.43 

6.54 

6.34 

6.08 

6.59 

Y 

34.2 

35.4 

29.0 

41.2 

36.6 

34.5 

42.0 

27.2 

Ti 

10703 

11206 

9095 

11922 

10870 

10536 

12158 

8545 

Gd 

5.68 

4.99 

3.83 

7.42 

6.10 

5.84 

7.26 

4.58 

Yb 

3.72 

3.84 

3.04 

4.53 

3.80 

3.82 

4.28 

2.94 

Eu 

1.77 

1.46 

1.16 

1.83 

1.51 

1.49 

1.66 

1.49 

Er 

3.93 

3.89 

3.19 

5.19 

4.43 

3.94 

5.05 

3.21 


IIpHMCMaHHC. Ml BKJHOMCHHH COOTBCTCTByiOT HOMCpaNl B Ta6jlHUC 4. 


5.2.<I>.ii<>ii/tiii>m pe>KiiM 

O^hhm H3 yc;iOBHH o6pa'30BaHH« cynepKOHiieH'TpaiiHH NierajuioB b upoixyKiax rmiep6a3HT- 
6a3HTOBbix MarM HepeflKO npH3naeTc» cymecTBOBaHHe ocoooro (j)jnoH,mioro poKHivia. OflHaKO 
npn 3 tom cocTaB (|).ik)h^ob npezinojiaraeTCfl coBepmeHHo pa3HbiH. CorjiacHO npencTaBjieiMHM 
ojjHHX aBTopoB, Hcxo^Hbie pacnuaBbi obijiH o6orameHbi bo^oh h xjiopoM (/fycTJiep h jx p., 
1999), corjiacHO ^pyrHM - MeTaHOM, cepoBO^opo^OM h ^p. (Aiijiomob, 1995). H.aeM 
noBbiiueHHoro coflepacaHHH Bo^bi b pacn.iaBax 6a3HpyeTca Ha H3yneHHH KOHTaKTOBbix opeojiOB 
pyaoHOCHbix hhtpv3hbob (TypoBixeB, 2002). n pe jin o;io ht ejibHO oopaiOBannbix noa 

B03 ( HCHCTBHCM OT.HeJlHBUiHXC5I (}).lK)HJOB npH KpHCTaJI.lH3aUHH nop0.a, a XJIOpa - Ha OCHOB3HHH 

o6HapyxceHHa Pt-Pd coe/iHHeHHH c As. Sb, Te. Se b pyaax. nep eioc Ko ropbix bo3mo aeH 










xjiopHUHbiMH KOMnjieKcaMH ;ia>Ke npn hh3khx TeMnepaxvpax (Boudreau et al., 1986; 
Boudreau, 1988). flpyraa 
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B) D 

Phc. 5.7. /^HarpaNiMbi FeO-S (A), K 2 CI (B), CaO-MgO (B) h AbOs-MgO (T) zuia bkjhomchhh b 
nnpoKceHax IO>Kno-MacjioBCKoro HHTpy3HBa. HynKTHpoM 11 a pwc. 4.6 A noKasana jihhhh 

HacbimcHHH pacnjiaBa cepoii (Mathez. 1976) 


TOMKa 3peHna ocHOBaHa Ha pe3yjibTaTax HccjiejiOBaHHH nopo;i mcto/xom BajiOBOH 
xpoMaTorpa4)HH, corjiacHO Koropofi b npoueccax py^oo6pa3o BaH h a npHHHMajiH ynacTwe 
npeHMymecTBeHHo BoccTaHOB.ieHHbie ra3bi - H2, CH4, CO. N2 h up. (HepyneB, FlpacojioB, 
1995). Ho pe3yjibTaTbi H3yneHHa (jjjifOHUHbix BKJiioHeiniH b MHHepajiax TpannoBon (fjopiviauMH 






(EyjiraKOBa, 1971; Ryabchikov et al., 2001; Phohhkob h ap., 2004; CoGoaeB h ap., 2009 1 ) 
cBHaeTejibCTByioT 06 hx BoaHO-yraeKHcaoM cocTaBe. 

I IeKOTopbie HCcaeaoBareaH noaaraiOT, hto KOHTaKTOBbie opeojiu HHTpy3HBOB cjio>Kciibi 
xojibKO Mexa\iop(J)HMecKHMH riopoaa.MH. B stom caynae aaa hx oGpaso Banna 
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Phc. 5.8. Cnempbi pacnpeaeaeiiHa peaxnx saeMeiiTOB b pacnaaBiibix bkjhohchhkx b 
rmpoKceHax m ra66po-aoaepmoB lOaaio-MaeaoBCKoro MecTOpoacaeHHS 

KpacHaa aHHHa - cneicrp nopoabi. 

Heo6xOflHM nOCTOHHHblH HCTOMHHK TenJia. KOTOpblH MO>KeT CymeCTBOBaTb JIHLUb B anH'reJIbllO 
(|)yHKUHOHHpyiOmCH MarMaTHMCCKOH CHCTCNIC. floCaeaHfla B03HHK3CT J1 h6o npH npOTCK3HHH 

pacnaaBa nepei Kanaa b oahom HanpaBJieHHH (PaabKO, 1991; Naldrett. 1992), an 6 o npn 
nocTynaTeabHO-B03BpaTHOM ero abhwchhh (JlHxaneB, 19962). B stom caynae pacnaaBbi He 
coaepacaan aHOMaabHbix KonueH rpanHH (})ak>haob. 

IlauiH HccaeaoBaHHA noaTBepacaaioT nocaeaHHii BbiBoa (Krivolutskaya et al., 2004; 
KpHBoayuKaa h ap., 2001 2 ). OaionaHbie BKaioneHna b oaHBHHax nHKpHTOBbix ra 66 po- 
aoaepHTOB cocraBjiaer oxoao 1-3 % ot oGmero o6beMa Bcex BKJnoneHHH, nepeHncnemibix 
Bbiiiie. Hx pajMep oGbinno ne npeBbiiuaeT nepBbix mhkpoh, Hiioraa ohh aocTHraiOT 40 mkm b 
anaMeTpe (phc. 5.1). no MopcjjoaorHH Meaxue h KpynHbie BKaioneHHa OTaHHaKyrca Maao: ohh 
ooaaaaior an 60 (jxtpMOH OTpHuaTeabHbix KpncTaaaoB oaHBHHa. an6o c(j)epnHecKon. 

Ha nepBOM 3Tane BKatoaeHna 6bian rioaBepruyTbi oxaaacaeHHio b tcpnoicaMepe ao T = 
-165...-190°C (aHaaHTHK - T.J1. KpbiaoBa. HrEM PAH), npn 3 tom hhk3khx BHaHMbix 
H3MeHeHHH He 6biao ycTaHOBaeHO, hto CBHaeTeabCTByeT o npeiBbiHanno hhtkoh naoTHOCTH 



o6pa3yiomHX hx (j)aioHaoB. UpoBeaemibie nepBbie npa.Mbie onpeaeaenHH cocTaBOB ra30B bo 
(|)JlIOHZlHbIX BKJlIOHeHHKX C nOMOlUbK) pa.MaHOBCKOH CneKTpOCKOriHH (aHaXHXHK - ^-XleGlOCCH, 
HaHCH, OpaHUHH) n03B0JTHjlH o6Hapy>KHXb TOJIbKO HH3KHe KOHIieHTpailHH H 2 O H CO2 B HX 
cocTaBe h noaxBepaHXb. hto apvrue ra3bi (Boaopoa. a30T. Meran) oxcvxcxbviox. B KpynHbix 
BKjiFOMeHHsx npn oojibiiiHx yBeaHHeHHax Ha BHyxpeHHen hx noBepxHocTH ycTaHOBJieHbi 
KpHCxajuiHHecKHe (J>a3bi - Marne3HT h opraiinnecKHH yraepoa (KpHBoaynKaa h ap., 200 12 ). 

Jlflu TOHHoro oiipeaeaeHHA coaepacaHHH H 2 O b pacnaaBax Hcnoab30BaiiHCb 
cxeioioBaibie BKJiioHeiiHH b oaHBHHax, nocKoabKy npn narpeBe pacKpncxaaaH30BaHHbix 
BKaiOMCHHH npoHcxoaHX ee noxepa b npouecce 3KcnepHvieHxa. CxemiOBaxbic BKmoneHHa 
HMeior OKpyniyio, pea<e - OBaabHyio (|)opMy h cxoaHoe crpoeHHe: 80- 85% b hhx 3aHHMaex 
cxeKao h 10-15 % - ny3bipb (BaxyyMHaa noaocxb - aaHHbie pa.MaHOBCKOH cneKxpocKoriHH). 
BjiHMce k 'jnaoKOHxaKxy HHxpy3HBa, b HH>KiieH nacxn xaKCHXOBoro ropH3onxa, yBeaHHHBaercH 
KoaHHccxBo h pa3Mep cxeKaoBaxbix BKaio’ieHHH (ao 35-40 mkm). KoHueuxpauHB IBO b 
cxexaax pacnaaBHbix BKaioMeHHH Mowex aocxnraxb 1.3 Mac. % (HOHHbin MHKpoxoHa. aHaanxHK 
- C.r. CwMaKHH. HMH PAH), npw 3xom oxMeaaexcfl ee caa6aa KoppeasmHH c KaawcM. 
Caeayex noaHepKHyrb, hxo ypoBenb KOHiienxpanHH aexy'mx KOMiioneHxoB b pacnaaBHbix 
BKaioneiinax (H2O, Cl. F) oannaKOB aaa pyaonociibix h Gexpyaiibix MaecHBOB (KpHBoayni<a>i, 
Co6oaeB. 2001). B nm<pHxoBbix 6a3aabxax rya'iHXHHCKofi CBHXbi ycxanoBaeHbi KpafiHe hhxkhc 
coaepwanna IhO - 0.03-0. 25 Mac. % (Co6oaeB h ap.. 2009|). TaKHM o6pa30M. (])aioHanbM 
pe>KHM 11 pH KpHCxaaaH3auHH HHxpy3HBOB hc HMea aHOMaabHbix nepx (x. e. pacnaaB He 6bia 
oGoramen Boaofi, xaopoM. BOCcxaHOBaennbiMH laiaMH). 

J\j\h npoBepKH apyroro (|)aKxopa. BbiaBHraeMoro b KaMecxBe aoKa3axeabcxBa 
iioBbiuieHiioH (|)aioHaoiiacbiLnenHocxH wcxoaHbix MarM, - moiuhmx KouxaKxoBbix opeoaoB 
Boxpyr HHxpy3HBOB - obiaa npoBeaeHa oneHKa cocxaBa Boa, ynacxBOBaBiuHx b hx 
(|) 0 pMHpOB3HHH . C 3XOH UeabK) BblllOaHeHO H3yHeHHe CXaOHabHblX H30XOnOB (O. H. C) B 
ra 66 po-aoaepHxax paxiibix MaecHBOB h bo BMeinaioinnx hx nopoaax (IIokpobckhh h ap., 
2005). U,enxpajibHbie nacrn Hnxpy3HBHbix xea xapaicrepH3yioxca H30xoniibiM cocxaBOM 
KHcaopoaa § lx O = 55 %o. rnrinwnbiM aas Boa MarMarnnecKoro npoHcxoKaeiiHH. b ro BpeMH 
Kax b o 6 aacxH KOHxama naOaioaaexcH yxa>KeaeHHe H3ororiHoro cocxaBa ao 18 %o. 
I Ia 6 jiK>AacMoc pacnpe^ejieHne 8 0 hc no^TBcp>K^aeT npc^nojio^ccHHfl o rn^poTepMajibHOH 
nepepaooTKe oKpy^aiomux nopozi non bo3^chctbhcm ManviaTHHecKHx (Juijohzjob, 
oTAejiHBuiHxcfl ripH KpHCTajuiH3auHH \iar\ibi. 3 to npo;ie\iOHCTpHpoBaHO Ha npHMepe 
necKOJibKHx HHTpy3HBHbix Te.i (HopHjibCKa 1, TajiHaxcKoro, 3e.ienorpHBCKoro, Hnaaie- 
TajiHaxcKoro). OSorameHHOCTb 3 h;io- h 3K30koHT aicroBbix 30 h \iaccHBOB Tfl>KejibiM H30TonoM 
KHCJiopozia CBHrieTe.ibCTBVTOT 06 hx aKTHBHOH npopaooTKe (xax Hanoojiee npoHHiiaeMbix 



ynacTKOB) MeTeopHbiMH, a ne MarMaTHHecKHMH BO.aa.MH, npHBoaameH k npeoGpaioBaiiHio 
BMemaiomHx nopoa. BoBaeneHHe MeTeopHbix Boa b npoueccbi. npoieKaiomHe Ha 
nocTMarMaTHnecKOM 3Tane CTaHOBaeHHa hhtp\3hbob. npeacTaBaaeTca BnoaHe ecTecTBem-ibiM, 
nocKOjibKy BHeapcHHe Taxnx orpoMHbix o 6 t>cmob MarM aTH hcckhx Macc, KOTopbie 
HaGaioaaiorca Ha ChGhpcxoh njiaT^opMe, ne Morao He BbBBaTb npHTOKa (JwiiOHaoB H3 
BMemaiou^HX nopoa h BOBaeneriHe hx b uHpxyajmHro. 

5.3. OneHKa cocthbob paciuiaBOB no pejyjibiaraM rcoxii yiiihcckoh repMOMeTpmi c 
iicno.ib30Baiiiieivi 3BM-Moae.ni KOMArMAT-3.5 

Ouerixa (j)aiOBoro cocTaBa h TeMnepaTypbi Hcxoanon MarMbi aaa Taanaxcxoro 
HHTpy3HBa Gbuia Bbmoaiieiia c hiioji b30BaHHeM 3BM-nporpa\iMbi KOMArMAT-3.5 MeroaoM 
reoxHMHHecKOH TepMOMCTpuH (ApucKHii. BapMHHa, 2000). ocHOBaHHOM iia npeanojio>i<eHHH o 
BHeapeHHH b Ka\iepy xpHCTaaarnaiiHH pacnaaBa c aoaefi B3BeiueHHbix xpncTaaaoB. B paMxax 
3 toh MoaejiH BnepBbie npoaeMOHCTpHpoBaiia B03M0>KH0CTb (|)opM h| x>Ban h H BiiyipeimeH 
CTpyKTypbi HHTpy3HBa b peiyabraTe KpHCTaJUiH3auHOHHOH aH(|)(|)epemiHanHH (KpHBoayuxaa h 
ap., 2001 1 ). Panee b xanecTBe raaBnoro apryMenTa npoTHB oroii iHiiore3bi npHBoaHaca (|)axr 
IieCOOTBCTCTBHM COCTaBa 30 H 33X3.1 KM H CpcaHeBlBCIUCHHOrO COCT3Ba HHTpy3HB3 
(OTaHnaiomerocfl noBbiLiieHHOM MarneiHaabiiocTbio no cpaBiienmo c xoinaxTOBbiMH raGGpo- 
aoaepHTaMH - MgO = 10-12 h 7-8 Mac. % cootbctctbchho). 

HaM iipeacTaBjineroi, hto pemeHne iipoGae\ibi (|)aiOBoro h xhm h nee koto cocraBa MarM 
aoa>Kiio GbiTb cBsnano c onpeaeaeiiHeM TepMoaHHaMHHecKHx h awnaMH hcckhx napaMeTpoB 
BHeapeHHH MarMbi aaa xaacaoro KOHKpeTHoro HHTpyiHBHoro Tcaa. 3th riapaMcipbi BKaionaroT 
TCMnepaTypy h cocTaB HcxoaHoro MarMaTHHecxoro pacnaaBa. cTeneHb 
33KpHCTaaaH30BaHH0CTH (KpHCTaaaHHHOCTb) MarMbi B MOMeHT BHeapCHH«, nponopUHH H 
cocraBbi BiBeiueiiiibix b pacnaaBe MHnepaabHbix (J)a3. HaKonaeiiHe h cHCTeMamianHH othx 
aaHHbix no3BoaHT Goaee oGocHOBaHHo oTcae)KHBaTb B03MO)KHbie reHCTHHccxHc cb«3h Mc>xay 
MarMaMH paianniibix TpannoBbix HHTpyjHBOB h noayHHTb xapTHiiy npocTpaiicTBeniioro 
pacnpeaeaeHHe ncxoaHbix TeMiieparypHbix, xhmhhcckhx h (|)a30Bbix xapaxrepHCTHK. 

llepBbie nonbiTKH peuieHHfl Taxoro poaa iaaan CBjnanbi c HcnoabioBariHeM weroaoB 
npaMoro 3BM-MoaeaHpoBaHH5i CTpoeHHfl TpannoBbix HHTpyaHBOB ChGhpcxoh naaT(})opMbi Ha 
ocuoBe KOHBexuHOHHO-xyMyajruHOHHoro MexaHH3Ma BHyTpHxaMepHOH aH(f)(j)epeHUHauHH 
(OpeHxeab h ap., 1985. 1987). Ha npHMepe cnaaoB Ky3bMOBxa (p. noaxaMeHHaa TyHrycxa). B- 
304 h BaByxan (BepxoBba p. Bhjiioh) Gbiao noxaiano. hto b momcht BiieapeiiHa ncxoanaa 
TpannoBaa MarMa coaepacaaa He Goaee 8 oo.% HHTpaTeaavpHHecxHX xpHCTaaaoB, 
npeacTaBaerinbix iieooabuiHM HjGbiTKOM 01 h.ih accoiiHaiiHH Ol+Pl. IIpHMeiieHHe dthx 



rio/ixo/iOB k TajiHaxcKOMy HHTpy3HBy noKa3ajio, hto raaBHbie ocooennocxH ero cxpoenHH 
naxoaax oobHcneuHe xax pe'3y;ibiar BiieapeiuiH b xaviepy oo:iee jaxpn cxaaa h 30 Ban ho h MarMbi, 
coaepjxamen 15-20% HHxpaxeaaypuHecxoH 4>a3bi npn vcjiobhh ojxHOBpe\ieHHoro naxo>KaeHMM 
Ha JiHKBHuyce ojihbhh3 h naarnoxaa3a (/{HenpoBCxaa. 1987). B pa3BHTHe 3xoro nanpaBaenna 
Mbi BriepBbie npeacxaBaaeM ouchkh riapasiexpoB BueapcHiia xarmaxcKOH MarMbi. noayneHHbie 
nyxeM peuieiiHa oopaxnon reoxHMHHecxoii saaaHH c Hcnoab30BaiiHeM MeroaoB MoaeanpoBanHa 
paciuiaBHO-KpHcrariHHHecKHx paBHOBecnH b SaxaiibxoBbix cHcxeMax (Aphckhh. BapMHHa, 
2000 ). 

AHanH3 JiHxepaxypHbix aaHHbix nok'a3biBacx. hxo oueHKa cocxaBa ncxo,XHbix xpannoBbix 
MaxM ocymecxBJiajiacb paHee e,xn hcxbc n hbim ciioco6om - noacnexoM cpeaHeB3BemeHHoro 
cocxaBa HHxpy3HBOB. 3xh aaHHbie Becb.Ma m ho ronncaeH h bi, Ha hx ochob3hhh BbiaeaeHbi 
(JlopMaHHOHHbie XHHbl HHXpy3HBHbIX 06p330BaHHH H IipeaaO/Keilbl CXeMbI HX nexpOXHMHHeCKOH 
KjiaccH(|)HKauHH (BnaeHcxHH. Ojichhhkob. 1970). OaHaxo xaxoH noaxoa hc peuiaex paaa 
npoGjicM, b nacxHocxH, HecooxBexcxBHfl cocraBOB xoh 3axaaxH cpeaHeMy cocxaBy HHxpyxHBOB. 
3xO xopomo BHJIHO Ha npHMepe HHXpyXHBOB MopHJlbCK 1 H TaJIHax: B 060 HX CJiy'iaflX CpcaHHH 
cocraB MaccHBOB cymecxBenno MaiHe3Haabiiee xh.xoko HxaxTO b 1.1 x raGGpo-aoaepnxoB. Fjiamiaa 
npH'iHiia 3XHX pacxojxaeiiHH cocxohx b xom. hxo aaa xoppexxnoii oueiiKH cpeaHeB3BeuieHiioro 
cocxaBa HHxpyxHBiioro xeaa neo 6 xoaHMbi noaHbie aaHHbie 06 oGhcmhoh pacnpocxpaHCHHocxH 
oraeabiibix thiiob nopoa. 3aecb ne noaxoanx HcnoabxoBaiiHe cpeaHHX xhmhhcckhx aiiaanxoB 
hjih aaHHbix no cxpoeHHio oxaeabHbix (aaxce aexaabHO H3yneHHbix) BepxHKaiibHbix pa3pe30B, 
nocKojibKy xaKOH cnocoG aaex coniacyiomHeca ouchkh b caynae 6 jih3khx k HaeaabHbiM 
naacxoBbix xeji. 

C apyroh cxopoiibi. Hcriojib30BaiiHe 3HaoxoiixaxxoBbix nopoa xax Moaean Hcxoanoro 
pacnaaBa xaioxe npoSaeMaxHHHo no npHHHHe bo3mo>xhoh h3mchchhocxh 3a cnex 
B3aHMo;ieiicxBHfl c BMemaioinHMH nopoaaMH. KpoMe xoro. Bbi3biBaex Bonpocbi oaHH h 3 
Ba>i<HeHLUHx KpHxepneB hx Bbiaeaeima - xonxo3epiiHcxbiH hjih cy6a(j>npoBbiH xapaxxep. 
nanpHMep (Hoover, 1989). 3xo ycjiOBHe iaBeaoMO upeaiioaaraex roMoremiocxb hcxo;hioh 
MarMbi. xoxopaa aoajxna 6 bixb ripeacxaBHCHa neperpexbiM pacnaaBOM. B riocaeaHee upcMa 
noHBHJiHCb MHoroHHcaeHHbie CBHaexeabcxBa o BHeapeHHH b xaMepy paciuiaBOB c 
oiipeaeaeiiiioH aoaefi KpHcxaaannecxHx (fiax (OpeHKeab h ap.. 1988; Marsh, 1989; Chalokwu et 
al., 1993; Naslund. McBirney, 1996). hxo noxBoaaex miane B3raaHyxb na npoOaeMy 
HHxpy3HBHOH MarMbi h noaoHXH x peuieHHK) BonpocoB o cocxaBe HcxoaHoro pacnaaBa h 
MexaHH3Max BHyxpHKaMepHOH aH(t)<l)epeHHHanHH (Ariskin. 1999). B 80-x roaax 6 bia 
iipeaao/xen Mexoa reoxHMHnecxoH xepMOMexpHH MarMaxuHecxHx nopoa, iianpaBaemibiH na 
oueHxy napaMerpoB HcxoaHoro cocxoaHHa, Hii(|)opManHH o xoxopoM "jariHcana" b BaaoBbix 



COCTaBaX 3(])(|)V3HBHbIX H HHTpy3HBHbIX Oa3H TOB (OpeHKejib h zip.. 1987). 3 tot nozxxozi ZiaeT 
nojinyio (|)a30Bvio h xHMHnecKyio HmepnpeTaLiHio H3BepaceHHbix nopoa, BKjnonafl oueiiKH 
hcxozihoh TeMiieparypbi h cocraBa 3axBaneHHbix (hh rep kv m yji jith bh bi x) paciuiaBOB (BapMHHa h 
zip., 1988). B oTziejibHbix cjiynaax reoxHMHHecKaa TepMOMeTpua no3Bo.iaeT oueHiiTb (jmoBbin 
cocTaB BHezipHBiiieHca \iarMbi. a TaioKe ncxoziHbie cociaBbi h HTpaiejuiypn i iec kh x TBepzxbix c})a3 
(BapMHHa h zip- 1989;Chalokwu et al.. 1993) Mbi npHMeiiHjiH 3 th nozxxozibi k TaKcnroBbiM h 
iiHKpHTOBbiM raSopoAOjiepHTavt TajiHaxcKoro nHTpy3HBa. KOTopbiii H\ieer OTHOCHTezibHO 
npocToe BiiyTpeHiiee cipoenne h BMecTe c Te\i oojiaaaeT bccmh xapaKTepiibiMH npionaKaMH 
ziH(|)(|)epeHUHpoBaHHbix rHncp6a3HT-6a3HTOBbix MaccuBOB HopHjibCKoro THna. Kax \Ka3biBaioT 

pH/1 BBTOpOB, BOIipOC O pOJIH TaKCHTOBbIX H IIHKpHTOBbIX I'0pH30HT0B B B03HHKH0BCHHH 

cyjib(|)HziHoro opyzieHeHHH hbjihctch oripe;iejunoniHM (ricrpojiorn» h nepcneKTHBbi 
pyzionociiocTH.... 1978). PaccMo rpHM HcnojibiOBaime iiexo ropbix ociioBonojiaraioLUHx 

noiiHTHH h (|)H3HK0-xnMH i iecKHx npHimnnoB. KOTopbie BavKHbi aaa anaziH3a ZiaHHbIX 
reoxHMHMecKOH TepMOMeTpHH (OpeHKejib h zip., 1987; Aphckhh, BapMHHa. 2000). 

J\jw 0ZlH03HaMH0r0 TOJIKOBaHHa npeZlCTaB.ieHHblX HH/KC pC3y-3bTaTOB KOHKpCTH3HpyCM 
nouHTHH MarMbi h MarMamnecKoro pacnjiaBa. B jiHieparype mo>kho HafiTH necKOjibKo 
onpeziejieiiHH, KOTopbie aKueurnpyioT BiiHMaime na arperanioM coctohhhh h 
iiopoaooopaiyiomeH pojiH Mar\i b reojiorHMecKnx npoucccax. B nacTHOCTH. I().A.Ky3HenoB 
(1990) MOZlHCpKHBaJl, HTO MarMbi MOr\T IipeZlCTaBJlflTb (|)H3HHCCKH rOMOreHHbie (CHJIHKaTHbIH 
pacruiaB ± pacTBopeHHbie nerynne) h;ih name rereporemibie (paciuiaB+KpHcrajuibi) CHCTeMbi, 
“Be;iyuiHM npH3naKOM Koropbix hbjihctch TeKynecTb b Macce, hto aocTHraerca npH 
coaepwaunn b CMecH 25% >khhkocth'‘. CoBpcMemibie ancxyccHH 06 arperanioM coctohiihh 
MarM KacaioTc« zionycTHMbix nponopiiHH KpncTannoB h pacnjiaBa. KOTopbie xapaKTeppnyioT 
nepaBHOMepnoe pacnpeaejienne KpHcianaHHecKoro BemeciBa or rpaimii nojiHoro 
3aTBcpzieBaHHH (creHOK MaiMOBoaa hjih KaMepbi) BrjiyOb pe3epByapa MarMbi. AnajiH3 3toh 
CHTyauHH no3Bo;iHer BbiziejiHTb ziBe raasiibie oSjiacTH (Sinton et al.. 1992; Jaupart. Tait, 1995). 
B6jih3h noBcpxHocTH cojinziyca (JiopMHpyeTca 30Ha c hh3Khm coziep^aHHeM pacnjiaBa, 
3anoJiH5HOuiero npocrpancTBo mokziv KpncranjiaMH, Koropbie o6pa3\ior iiepaspbimiyio 
CHCxeMy, KacaMCb yrjiaMH hjih rpaHHMH. rax Ha3biBaeMbiH pnrnayc (rigidus). Flo HexoropbiM 
peojiorHHecKHM CBOHCTBaM 3Ta CMecb BezieT ceoa noaoGno TBepziOMy BeuxecTBy, xota h ne 
TCpHCT CBOHCTBa nJiaCTHHHOCTH. flo MCpe yMeHbLUCHHfl ZIOJIH KpHCTaJIJIHHCCKOrO MaTepnaJia 
30Ha pnrHziyca nepexoaHT b oonacib "KpHcraji jih nee koh Kanin**, a 3areM B3Becn hjih 
m arMaTH i iec koh cycneH3HH. KOTopaa cojxep>KHT MeHee 25% TBepaon (J)a3bi (Marsh, 1989). 
ripezinojiaraeTCH, hto peojiorHHecKaa rpannua Me>Kay pHrnavcoM h ‘‘KpHCTajuiHHecKOH Kainen'* 
oTBenaeT pe3KOMy, Ha HecKOJibKo nopaaKOB. cKanxy aHHaMHHecKOH b«3kocth h coaep>KaHHK) 



KpHCTajuiHMecKoro MarepHaia okojio 50-60 oo.% (Bergantz. 1990; IIlapanoB h ;tp., 1997). 3t>' 
BejiHHHHy npejuioaceHO na3biBaTb npeaejibHOH KpHCTajiJiHHHOCTbio MarMbi (critical 
crystallinity). Kojihhcctbo KOMnjieMenrapHOH ocraTomiOH >kh,zikocth npeacTaBjiaex aojno 
KpHTHnecKoro pacnjiaBa, Hanp. (Renner et al., 2000). 

TaKHM o6pa30M, onepnpya noHHTHe\i “MarMbi” Mbi 6y;xeM no,apa3yMeBaTb 
rereporemibie cnjiHKariibie CHCTeMbi c coaepacaHHeM oTjtejibiibix KpHCTajuiOB h/hjih hx 
cpocTKOB Hn>Ke npe/tejibHo AonycTHMOH KpHCTajiJiHHHOCTH. TKmtKaa Hacrb MarMbi 
npe^CTaB.iHeT MarMaTHnecKHH pacnjiaB. B cjiynae neperpeTOCTH (otcvtctbhh B3BemeHHOH 
TBepAOH (j)a3bl) MaTMa npe^CTaB.lCHa TOJlbKO CHJIHKaTHOH >KH.ItKOCTbIO. B COOTBCTCTBHH C 3THMH 
oiipe;tejieHHHMH BajioBbiw xhmhhcckhh coctob jik>6oh MarMbi mo>kho Bbipa3HTb nepe3 cocraBbi 

Cr=F, Cj+'j[ j F™C/ 

h nponopuHH B3BemenHbix TBepjtbix (|>a3 (l<j<M) w pacnjiaBa (1): ■ /=l 

r 1 c ’ 

(1) rjxc i - rjiaBHbifl hjih npHMecnbin 3JieMeHT, ' - cocxaB MarMaTHHecKoro pacnjiaBa, ' - 

F' m F 

cpe;tHeB3BeiiieHHbifi cocTaB KpHCTajuiOB aaHHoro MHHepajibHoro BH/ia. a ' w 1 - 
nponopuHH KpHCTajuiOB h pacnjiaBa. 

I’eojioi nnecKoe 3na i ieime MarM KaK iiopoaooGpaiyiontHx chctcm othochtch n k 
M arMaTHHecKHM pacnjiaBaM, Koropbie no onpeaejieHHio hbjihiotch rjiamion cocTaBJiaiomen 
MarMbi, ;ta>Kc b cjiynae ce rioBbimcHHOH KpncTajiJiHMHOcTH. Mbi no^HepKHBaeM 3 to 
o6cro«rejibCTBo, riocKOjibKy b nocjieunHe roabi HaMCTHJiacb TeHaeHUHfl Hcnojib30BanHfl 
TepMHHa “MarMaTHMCcKHH pacnjiaB" npHMeHHTenbHO k cocraBaM. ycTanoBjicmibiM no jiaHHbiM 
H3yneHHH MHKpoo6beicroB, npejtcraBjiemibix cre kjioB arbi mh (JiparMeHTaMH Me30CTa3Hca turn 
pacnjiaBHbiMH bkjhohchhjimh b Mnnepajiax. B nocjieaHeM cjiynae A.B.CoGojicb cnpaBeaanBo 
npejuiaraeT Hcno;ib30BaTb cneuHajibHbin tcpmhh aH(|)(J)epeimHaabiibie pacnjiaBbi, noanepKHBaH 

TCM CaMbIM, MTO OHH npCACTaBJlfllOT HCOaHOpOUHOCTH COCTaBa BKJHOHCHHH, 

njteHTH(|)miHpoBaHHbie b upe/tejiax oTaejibHbix KpHCTajuiOB npn Hciiojib30BannH 
npcnH3HOHHbix mctojiob xhmh nee koto aHaaH3a (CooojieB. 1997). PeajibHbie MarMaTHnecKne 
pacnjiaBbi. KOTopbie b KanecTBe TpancnopTiipyioineH cpeabi BbiiiocaT k noBepxnocTH nacTb 
KpHCTajIJIHMCCKHX npoay'KTOB (j)paKLlHOHHpOBaHHfl H npn 3aTBCpjieBaHHH aaiOT MarMaTHMCCKHC 
nopoztbi, npeaao>KeHO na3biBaTb HHTerpajibHbiMH paciuiaBaMH. ripeanojiaraercfl, hto ohh 
HB junoTCH npoayKTaMH CMemeiiHfl an(j)(j)epeHUHaabHbix /KnaKocTen na aoxaMepHOH cTaann. B 
paMKax 3 toh TepMHiiojiorHH oobeicroM iiamero H3\HeiiHfl 6yayT hmchho HHTerpajibiibie 


MarMaTHHecKne pacnjiaBbi. 



reoxiLMmecKCin mepMOMempm 

OcuoBHoe npe/uiojio>KeHHe coctoht b tom. hto b HanaabHbiH momcht xHMHnecKne 

p MO) W<0) 

cocTaBbi MHHepajioB ' h pacnnaBa ' 6ujih CBjnaHbi cooTHomeHHHMH 
TepMOAHHaMHHecKoro paBHOBccHH. r^e b KanccTBe oahoto H3 napaMCTpoB bxoaht TeMnepaTypa 
(j)opMHpoBaHHH nopoabi. r )ia TeMnepaTypa OTBenaeT hcxoahmm ycjiOBHJiM cymecTBOBaHna 
pacnjiaBHo-MHHepajibHoii acconnaunn h b xanecTBe (j)aicropa paBHOBecna bahact Ha 
pacripeAeaenne Mexmy (j)a3aMH rjiaBHbix komiiohchtob h npHMecHbix oaeMeHTOB. Bropoe 
npHnuHiiHajibiioe AonymeHHe 3akvnoHaeTca b tom. hto cpean MHoacecTBa nopoa nccaeAycMoro 
o6i>eKTa HMeiOTca oopaiLibi, Bapnannn xhmhhcckoto cocTaBa Korapbix ooyc.iOBJienbi TOJibKO 

p kvm pUHm 

H3MeHeHHeM Hcxo/iHbix (|>a30Bbix nponopuHH J h 1 TaKHe o6pa3Ubi cocTaBjunoT 
rpynnbi nopoA, o6pa30BaBUiHXca npn oahoh h tom xce TeMnepaType H3 pacnjiaBa h MHHepanoB 
oahoto h Toro >kc cocTaBa. 

Ba>KHaH OCoGCHHOCTb TBKHX nOpOA COCTOHT B TOM, HTO 11 pH HX paBHOBeCHOM nJiaBJICHHH 
MO>KHO HOJlVHHTb CCpHH paCnaaBOB, XapaKTCpH3>TOIUHXCfl pa3AHHHbIMH AHHHflMH 3BOAIOUHH B 
Koop;iHnarax reMiiepaiypa-cocraB. o;maKO ua KpHBbix naaBaenHa oGaiareabno naxoAHTca 
TeMnepaTypa. npH Koropon cocTaBbi >khakoctch 0Ka3biBaioTca naeiiTHHiibi. He rpyAno 
AoraaaTbCH, hto 3tot cocTaB GyaeT oTBenaTb o6meMy aaa bccx nopoA cocTaBy 3axBaneHHOH 
>khakocth. a HaHAeHHax TeMnepaTypa - TeMnepaType (|)opMHpoBanna 3thx nopoA. JJ&HHoe 
y iBep>K ach we AOKa3biBaercH ot o6paTHoro: ecan TaKoro nepeceneHHfl He npoH3omao, to oto 
o juanajio 6bi, hto hj\h BbiGpamibix cociabob nopoA ne paGoraer ycaoBHe Gaaanca Macc hjih 

p MO) W(0) 

oGmne ncxoAHbie cocraBbi MHHepajioB ' h pacnaaBa ' ne CB^nanbi 3aKona\iH 
repMOAHnaMHHecKoro paBHOBecna. TaKHM o6pa30M, aaa pemeHna 3aaaHH noncKa hcxoahbix 
napaMerpoB (|>opMHpoBanHH KoiiKpeTiion hhtpv3hbiioh nopoAbi hcoGxoahmo: (1) 
AonoaHHTeabHO BbiGpaTb necKoabKo o6pa3noB, aaa KOTopbix Momio npeAnoaaraTb 6ah3Khh 
cocraB iaxBaHennoro pacnaaBa: (2) npoBecTH (J)H3HHCCkhh nan HHcaemibin 3KcnepHMeiiT no 
paBHOBccHOMy naaBaeHHio 3toh rpynnbi nopoa: (3) onpeAeaHTb hah paccnmaTb cociaBbi 
oGpaiyiouiHxcM pacnaaBOB; (4) nocTpoHTb jihhhh oboakhihh MOAeabHbix yKHAKocren n b 
KoopAHHaTax TeMnepaTypa-cocTaB HaHTH tohkv (ooaacTb) hx nepeceneHHa. 
npaKtnmecKOH peaiinaifiw \iemoda 

npHMCHHTeabHO K HHTpy3HBHbIM 6a3HTaM nOCTOHHCTBO COCTaBa 3aXBaHCHHOH HAH 
ocTaiOHHOH MarMaTHHecKOH >khakocth ripeAnoaaraeT ABa Bapnama hx reHeTHnecKOH h 
reoaorHHecKOH HHTepnpeTaiiHH. Bo-nepBbix, 3 to Mo>KeT GbiTb caeACTBneM aoKaabnon 
HeOAHOpOAHOCTH OOBCKTa B MaCLUTaOC CaHTHMCTpOB H MCTpOB (B03M0>KH0 ACCflTKOB MCTpOB 



Zina KpyriHbix pacc-ioeHHbix kom n jickcob), ksk ripejie;ibHbiH cjiynaH - MHKpopHTMHHecKon 
paccuoeHiiocTH. Bo-BTopbix - pe3yjibTaT otc>tctbhh hjih cjiaoo npoflBJieHHoro 
(|)paKUHOiiHpoBaiiHH MarMbi, hto no3BOJiaeT npejuiojiaraTb cymecTBOBaHHe oannaKOBbix hjih 
6jih3Khx ycjiOBHH (j)°pMHpoBaHHfl nopoji b \iacujTaoax reo.iorHMecKoro Tena. B njieajie 
>KejiaTejibHo HMeTb HecKOJibKO rpynn pojiCTBeHHbix nopojj, pacnpejiejieHHbix no 
BepTHKajibHOMy pa3pe3y hjih b ooT>e\ie nnTpy3HBa. 3 to noiBOJiHT ycTaiioBHTb xapaKrep 
3BOjnonHH cocraBa paciuiaBa b nponecce BHyrpHKaMepnoH jw(|)(|)epeHHHanHH, a raK>Ke 
B03M0>Kiibie neoAHopo^nocTH cocTaBa m arxiaTHnee koh /Kh^kocth b pa3JiHHHbix nacTflx 
HHTpy3HBa. 

C tohkh 3penn« onenKn cocraBa hcxojihoio (b momcht BiiejipenHH) MarMaTHHecKoro 
paciuiaBa Hanoojiee HH(|)opMaTHBHbi ziaHHbie no 3H jioko ht3kto Bbi m h npHRonraKTOBbiM 
riopojiaM, ana KOTopbix npejuiojiO/KeiiHe nocToancTBa cocTaBa jaxBaHennon /Kh/ikocth Biiojine 
pcaJIHCTHMUO. I IarjlH^HblH ripHMep 3(|)(|)CKTHBHOCTH TaKOrO no^xo^a JimOT pC3yjIbTaTbI 
leoxnMHMecKon Tep mom erp hm npnKOH raicroBbix Ol-Pl KyMyjnnoB CKepraap;iCKoro HmpysHBa, 
OToGpanHbix na paccTOHHnn MCHee 10 m ot 3H,aoKOHTaKTa n npc^CTaBJiaioinnx BoKOByio 
KpaeByio rpynny (Ariskin, 1999). Tpy/uio onennib. nacKOJibKO peajibno npoBecrn raxoe >i<e 
nccjieAOBannc juih nopoa TajinaxcKoro Hirrpy3HBa: 3^ecb neo6xo;iHMbi cncTeMaTHHHbie 
^anHbie no cocTaBaM 3HAOKOHTaicroBbix raoopo-^ojicpnroB, >KejiaTejibHO MaKCHMaJibHo 
Kompacrnoro cocTaBa. Bmcctc c tcm b jiHTcpaTypc hmcctch Gojibmoe kojihmcctbo flaHHbix no 
COCTaiUIM TaKCHTOBbIX H IlHKpHTOBblX raGGpO-ZlOJICpHTOB, Iipe/lCTaBJlHKMUHX HH>KMHC MaCTH 
pa3pe30B 3Toro MaccHBa. 

Ecjih zionycTHTb, hto TarwaxcKaa Mama hc 6buia neperpcTon n npnBHCCjia b KaMcpy 
onpe/iejiciiHoe kojihmcctbo nurpaTejinypuMecKoro ojinBHHa (±P1), to Bapnaunn cocTaBOB nopoji 
H3 hh>khhx ropH30HTOB mo>kho paccMarpHBaTb KaK pe3yjibTaT nepepacnpe;iejienH« h 
copinpoBKH KpHcrannoB 6c3 cymecTBeHnoro (|)paKHHOHnpoBanHH c hjih Karo b b ochobhom 
o6i>eMe MarMaTHHecKoro pacnjiaBa (/InenpoBCKaa h up., 1987). B 3tom cjiynae Meroji 

rCOXHMHMCCKOH TCpMOMCTpHH n03B0JIHT OUCHHTb napaMCTpbl (J)OpMHpOBaHHfl TaKCHTOBbIX H 
iiHKpHTOBbix raGGpo-aojiepHTOB, KOTopbie no reMiiepaType, cocraBaM MnnepajioB h paciuiaBa 
JlOJI>KHbI 6bITb OJIH3KH HCXO/IHOH HHTpy3HBHOH Mame. KpHiepHCM 11paBHJIbHOCTH 3TOI O 
aonymeiiHH h nojiyHeniibix ouenoK mo>kct cjiyacHTb cootbctctbhc pacMeraoro n 
Haojno.aaeMoro cocTaBa nopo,aooGpa3yiomHx mHH epajioB. 

ripe;uio>KeHHbiH nonxojx peaiH3yeTC>i npn noMomn 3BM-M0.aejiH KOMArMAT-3.5 
(Ariskin, 1999; Ariskin, Barmina. 1999). 3Ta nporpaMMa pa3paooTaHa ju\n mo jicjih poBaH h a 
KpncTajiJiH3auHH GaiaribroB iih3koh h yMepeHnon mejiOMiiocTH b 3a^annoM aHaria3one 
aaBJieHHH H JieTVHCCTH KHCJIOpOJia. B03M0vKH0CTb ee HCn0JIb30BaHHH J1J1H reOXHMHMeCKOH 



TepMOMeTpHH 06l>flCHfleTCH TeM, HTO npoueccbl paBHOBCCHOH KpHCTaJIJlH3aUHH H paBHOBeCHOrO 
njiaBJicHHH HoeflT oopaTHMbifi xapaKTep h pacneT TpaeKTopnn njraBJieHHa oopa3uoB mohcho 
3aMeHHTb pacneTOM paBHOBecnon KpncTaaatnamiH hx pacnaaBOB. B cjiynae neoojibmoro 
KOJIHMeCTBa COCTaBOB HjjeHTH(j)HKaUHK) TOHKH ncpCCCMCHHfl paCCMHTaHHbIX 3BOJlIOLlHOHHbIX 
jihhhh mo>kho npoBoanTb nyTeM BM3vajibnoro aHajiH3a cepHH T-X anarpaMM. OanaKo npn 
3tom naao \ a iHTbiBaTb, hto H3-3a norpeuiHOCTeH XHMHHecKoro aHajiH3a h HeonpeaeaeiiHOCTen, 
CBH3aHHbix c HcnojibiOBaiiHeM Moaejin (j)aiOBbix paBHOBecnn, nepeceneime pacnenibix 
TpaeKTopHH KpHCTajiJiH3auHH b otholiichhh cocTaBa pacnjiaBa h Tc\incpaTypbi onpeaejiacTCM c 
HeKOTopoR HeroMHOcTbKX npeacTaBaHH Ha T-X anarpaMMax oSjiacTH cryiueHna MoaeabHbix 
J1HIIHH 3B0.3IOUHH (CM. HH>Ke). I IpH paOOTe C FipOFpaMMOH KOMATMAT B TOJieHTOnoao6nbIX 
CHCTeMax norpeuiHOCTb ouchkh TeMiieparypbi n\ieeT nopaaoK tohhocth Hcnojib3yeMbix 
reoTepMOMeTpoB - 10-15°C, npn otom TOHHOCTb pacneTa coaep/Kaunn rjiaBiibix KOMnoneiiTOB b 
pacnaaBC BapbnpyioT b npeaeaax 0.5-1 \iac.% (Aphckhh. BapMHHa, 2000). 

OCOBEHHOCTH CTPOEHHfl H COCTABA TAJ1HAXCKOTO MHTPY3HBA 

Teojioro-crpyKTypHaH iio3hhhh TajmaxcKoro MaccHBa kohtpojih pyeTCfl rjiySHHHbiM 
HopHJibCKO-XapaeaaxKCKHM pa3JiOMOM - TjiaBHbiM TeKTOHHHecKHM iiibom h 
cyOnapajuicjibHbiMH cncTCMaMH 3anaaHbix h boctohhux copocoB. a Tarace cohph>kchhi>imh c 
paiJIOMOM IIJIHKaTHBHbIMH CTpyKTyp3MH. B MOp(|)OJIOrHHCCKOM OTHOIlieHHH 3TOT HH'I py3HB 
ripeacTaBjiHCT xohojiht c hjiockoh. ynacTKaMH ruiaBHO-BbinyicnoH KpoBaen h njiaBHO- 
iipornyTOH noaouiBOH (pnc. 5.9). MaccHB npocae>KHBaeTCH na 20 km, H\ieer lunpuny 0.5-2 km 
h MaKCHMajibiiyio MomnocTb 218 m. Tejio MaccHBa norpyacaercfl na ceBep - ceBepo-BOCTOK noa 
yrjioM 4-6°, no3TOMy cro noaoiiJBa Ha lore KOHTaKTHpyeT c epraaaxcKon cbhtoh BcpxHen 
ncpMH, a Ha ccBepc - c 3v6obckoh cbhtoh hh>khcto acBona. TeojiorHHecKoe CTpocune h 
ncrporpa(|)H>i TajiHaxcKoro HHipy3HBa aeTajibHo paccMOTpcHbi b MHoroHHCJieHHbix paoorax 
(/Joann, BaryeB, 1971; 3ojiot>'xhh h ap.. 1975; /JncTaep h ap.. 1988; /J ioxchkob h ap., 1988; 
Likhachev, 1994; Zen'ko, Czamanske.1994; Czamanske et al., 1995; Phoob h ap.. 2000). 
Bfiympe/mee cmpoenue a nempoppcupiwecKue ocooennocmu unmpy3uaa 

AHaaorHMHO apyrHM pyaoHOCHbiM MaccHBaM HopnabCKoro THiia aJifl TajiHaxcKoro 
HHTpy3HBa xapaKTepno paccaoemioe cTpoenne h 3aKOHOMepnax cMena nopoa b BepTHKaabHOM 
pa3pe3e. riocaeaoBaTeabHocTb aH(|)cJ)epcHUHaTOB oobiHHo npeacTaBjiflCTca b BHae tpcxhjichhoh 
paccaoeHHOH cepHH. BKjnoHaioiueH chh3v BBepx: Hh>khk>k> ra66pOB\K> cepnio (KOHTaicroBbie h 
T aKCHTOBbie ra66poao-aepHTbi), OcHOBHyio paccJioeHHyio cepnio (nnKpnTOBbie, ojihbhh- 
GnoTHTOBbie, ojiHBHHOBbie, oanBrnicoaep^amne n 6e3oanBHHOBbie ra66po-aojiepnTbi) h 
BepxmoK) raoGpoByio cepnio (raoopoanopnTbi, (jiepporaoopo, BepxHne KOHTaKTOBbie 



ra66po/jojiepHTbi, 3pyriTHBHbie SpeKHHH. BepxHHe nHKpHTOBbie ra66po-;iojiepnTbi, jiewKora66po 
h TaKCHTOBbie xpoMHTOHOCHbie raoopo). I IojiHbiH pa3pe3 xapaicrepeH .zuih uempajibubix nacTeii 
HHTpy3HBa; b GoproBbix ero nacTax Hcne3aioT nHKpHTOBbie ra66po-,aojiepHTbK b pe3yjibTaTe 

Hero MaKCHMajibHO KompacTHOH ABJiaeTCfl hh^khha TpeTb MaccHBa (hh^chha cepna h 
ocHOBaHne paccnoeHHOH cepHH), raoOpoBaa cepna cTaHOBHTca 6ojiee o^hopoahoh. Bhh3>' 



Phc. 5.9. CipoeHHe TajmaxcKoro HHTpy3HBa (KapTa H3onaxnT, A) h ero 
\iecTonojio>KeHHe (B) b HopH.ibCKOM pafioHe 

Hapa^y c ropH30HTOM 6oraTbix ojihbhhom (ao 50-60 oo.%) nopojx pa3Bnrbi TaKCHTOBbie ra66po- 
nojiepHTbi. coziepacaHHe ruiarnoKnasa b Korapbix Mom nocTHraTb 70 oo.%. riocjieziHHe HMeiOT 
KpaHHe HeoOTopoziH\TO CTpyicrypy h cocTaB - b pyccKOH3biHHOH jimepaType hx oobiHHO 
Ha3biBaK)T jieHKora66oo. TaKCHTOBbivin ra66po-.aojieDHTaMH hjih tidocto TaKCHTaMH. Mbi 


npHBJieicaeM BiiHMaiiHe k 3X0My (Jmicxy, noanepKHBaa bmcokvio cxenenb HeoaHopoaHoexn 
CTpoeHHH HH)KHeH HacTH HHTpy3HBa. nocKo.ibKy Hanoojiee HaaeacHbie pe3yjibxaxbi motor 
reoxHMHHecKOH TepMOMeTpHH aaex hmchho ana nopoa Konxpacxnoro MHiiepaibiioro h 
XHMHHCCKO rO COCTaBa (ApHCKHH, EapMHHa. 2000). 

OcHOBHaa paccjioeHHaa cepn« xapaicrepH3yexcfl nocTeneHHbiMH nepexoaaiviH Meacay 
cnaraiomnMH ee nopoaa\in. rnaBHbiM o6pa30M 3a cnex naaBHoro CHH>KeHHfl coaep/Kaunfl Ol 
CHH3y BBepx no paipesy. H 3 nopoa Bepxnen raGGpoBon cepnn Hanoojiee xapaKxepiibi raGGpo- 
anopnxbi, (j)eppora66po h KOHTaKTOBbie raGGpo-aojiepuxbi. b pa3JiHHHon cTeneHH H3\ieHeHHbie. 
JIcHKOKpaTOBbie ra66po He oopa3yiox eanHoro ropH30Hra. a cnaraiox jiHH3bi pa3JiHMHofi 
MomHOCTH (ao 25 m) h upoTH/KeimocTH (ot HecKOjibKHx MerpoB ao nepBbix coTen MerpoB). 
OGoramemibie Ol nopoabi (iihkphxo- h xpOKTOJiHXonoao6Hbie) b Bepxnen 3naoKomaKxoBon 
30iie MaccHBa peaxn h oGbiniio oopa3yiox MaaoMoiniibie (lie Gonee 0,5 m) JiHH3bi b Bepxunx 
nacTJix jichko raGGpo. 

OimcauHe BHyrpeHnero cxpoeiwH. cxpyicryp, ocoGeimocren MHnepajibnoro n 
XHMHHecKoro cocraBa nopoa TarmaxcKoro HHipy3HBa aaexca Hnwe na ocHOBaHHH aannbix no 
onopnon ckb. OYI 2, npoGypeimon b ueiixpaabHon nacxn MaccHBa (cm. pnc. 3 4 b FjiaBe 3). 
Momnocxb Bcxpbixbix HHxpy3HBHbix nopoa cocxaBjiaex 3aecb 155 m. B 3xom pa3pe3e 
BbiAejnnoxcH (ox noAouiBbi MaccHBa): A - HH>KHne KOHxaicxoBbie h xaKcnxoBbie raGGpo- 
JlOJiepHXbl. B - nHKpHXOBbIC, B - OJIHBHHOBbie. r - OJlHBHHCOAep>KaiJlHe H J\ - Ge30JlHBHHOBbie 

raGGpo-aoaepm w. E - ra66po-/mopHXbi h npH3MaxnMecKH 3epnncxbie raGGpo-aojiepnxbi, >K - 
jieHKOKpaxoBbie raGGpo, HHoraa xaKcnroBnanbie. 3 - Bepxime KoiixaKxoBbie raGGpo-aojiepnxbi, 
KBapueBbie anopnxbi h xpynxHBHbie GpCKMHH. 

CxpbimaH paccjioemiocmb Tojihcixckopo unmpy3uea 

Ojihbhh. 3xox MHHepan HanGoaee pe3K0 \ieHaex cboh cocxaB b pa3JiHMHbix 30Hax 
MaccHBa (xaGji. 5.6). MaKCHMajibHoe coaepwaime (Jjopcxepnxa (F 082 . 3 ) ycxanoBJieiio b BepxHew 
nacxn xaKcuxoBoro ropH3onxa. xoxa b cpeaHeM ana 3ajieraK>mnx Bbirne riHKpHxoBbix 
raGGpoaoaepnxoB xapaKxepiibi Gonee Mame3HajibHbie cocxaBbi. B onnBnnoBbix 
raGGpoaonepnxax Fo BapbHpyex b npeaenax 69-72 moji. %. npn nepexoae k Ol-coaepwamnivi 
raGGpoaonepnxaM MarneiHanbiiocxb Ol nonn>Kaexca ao Fo 6 i. 3 * C 3xhmh BapnaiiHHMH 
Koppcnnpyex noBeaeHne hhkc.ih: coaep>KaHHe NiO b Ol H3MCH5iexcfl ox 0.20-0.25 Mac.% b 
nHKpHxax ao 0.08-0.11 Mac.% b Ol-coaep/Kamnx raGGpoaonepnxax. KomieHxpaiiHH MnO h 
C aO b oaHBHHe HaoGopox B03pacxaiox CHH3y BBepx no pa3pe3y. 

F[jiarHOKiia3. BbiaeaaercH aBe rnaBHbie reHepaunn PI: I. Kpyrmbin njnpoKOxaGnnxHaxbin 
30HaabHbin njiarHOK;ia3. cocxaB Koxoporo H3\ieHaexca ox An75-84 b onnBnnoBbix. nnKpnxoBbix, 
xaKcnxoBbix raGGpoaonepnxax h Bepxnnx anopxnxoBbix nenKoraoopo ao An56-39 b raGGpo- 



nnopnTax; II. nHTepKyMynycHbin nnarnoKna3 c no;incHHreTH i iecKHMH h npocTbiMn 
ABOHHHKaMH, xapaKTepn3yioLnnncfl \ieHee cymecTBeHHbiMn BapnannsiMH cocTaBa, npnMepHO or 
An62 no Ari47- Jl nn oGenx reHepannn naomonaeTCfl o6maa TeimeHUHa - pacKHCJieHHe 
nnarnoKna3a BBepx no pa3pe3y HHTpy3HBa. BnjiOTb no ajibSnTrnauHH, ocoGermo hhichchbuo 
npoaBJieHHOH b raoopojnopHTax. 

KjiHHOiiHpoKceH. KojinnecTBO Cpx nocTeneHHO B03pacTaeT CHH3y BBepx, or 15-25 06 .% 
b nnKpriTax h TaxcHTax no 40-45% b noponax BepxHen raGGpoBon cepnM. Pa3nnnaiOTCfl nse 
pa3HOBH^HOCTH KJiHHonnpoKceHa: I. 3ejieHbin n II. Gypbin, npnweM Cpx nepBoro Bnna 
npeoGnanaer nan BTopbiM. 06e painoBnnnocTH no XHMnnecKOMy cociaBy cooTBeTCTByioT 
aBrnTy, xoth 3e;ieHbie nepHa Gonee Mame3HajibHbie n xpOMHCTbie, a 6ypbie - THTaHncrbie 
(3ojioTyxHH h np., 1975; Czamanske et al., 1995), CocTaBU KjiHHonHpoKceHOB H3 nopon 
BepxHen raGGpoBon cepnn nonanaiOT b none TnnnMHoro aBrn ra. a aBrnrbi H3 nopon Ochobhoh 
paccnoennon n Hn>KHen raGGpoBon cepnn Gonee Mame3najibHbi n 6nn3Kn k nomo onnnoncnna. 
Kax npaBnno. b ennnoM 3epHe KnnHonnpoKceHa KpaeBbie ero nacm 6ojiee >Kejie3HCTbie, mcm 
nenTpanbUbie. 

CocTaB KjinHonnpoKceHa b pa3pe3e MaccnBa MeHfleTca 33K0H0MepH0. ConepwaHne 
(|)eppocajinroBoio MnnaJia Boipacraer cnnry BBepx ot 10-11 moji.% b nnKpnrax n laKcnrax no 
24 moji.% b raGGponnopnrax. a 3areM cnnvKaeTca no 13 moji.% b Bepxnnx Kpaem.ix 
raGGpononepnrax. ConepwaHne oiicrarnTOBoro KOMiionenra cooTBeTCTBenno noHnacaeTca 
CHH3y BBepx ot 53 no 35 Mon.%, Torna KaK BonnacTounTOBaa cocTaBnaiouraa mchhctoi b y3Knx 
npenenax - 38-44% Wo. ConepwaHne Cr203 b BbicoKOKanbirneBbix nnpoKceHax nivieeT 
MaKCHMyM (1.13-1.21 Mac.%) b Bepxnen Tpem nnKpnroBoro ropn3onra n pexxo CHnwaeTca 
npn nepexone k raKcmoBbiM i a66pononepn ia\i. 3aKonoMepnoe nonnwenne Cr203 b Cpx 
xapaKTepno TaKHte n nn» nepexona ot nnKpnTOB BBepx k onnBHHOBbi.M n onnBnnconepjKamnM 
ra66pononepHTaM. IloBeneHne Ti02 MCHee H3MeHHHBO, ho ero ycTonnnBoc HaKonneHne 
npoaBJiaercn b BepxHen 3Hno koHT aicro boh 30He, ocooemio b raGGpo-nnopn rax. 

OpTonnpoKceH. HanGonee Mame3nanbHbin Opx - c conepncaHneM 76 moji.% En - 
ycTanaBjiHBaeTca b nnKpnTOBbix raGGpononepriTax. BBepx n bhh 3 no pa3pe3y ero 
Marne3najTbHOCTb CHHJKaeTcn. cootbctctbchho B03pacTaeT /KeJiesncTOCTb. OpTonnpoKceHbi H3 
nnKpnTOBbix raGGpononepmoB xapaicrepn3yiOTCH MaKCHManbHbiMn KonneHTpannHMH Cr203 
(0.47 Mac.%). conepncaHna npyrnx oxcnnoB BapbnpyioT b npenenax: AI 2 O 3 (0.7-1.15 Mac.%). 
CaO (1.6-2.4 Mac.%), MnO (0.35-0.50) n HO 2 (0.4-0.65 Mac.%). 

Ehotht. CocTaB GnoTHTa no pa3pe3y TanHaxcKoro MaccnBa MeHaeTca b mnpoKnx 
npenenax (raon. 5.6). B onnBnHOBbix. nnKpnTOBbix n TaxcmoBbix raGGpononepnTax Gnornibi 
conepncaT MaKCHManbHbie KonnnecTBa MgO (15-18 Mac.%), TiCh (6-7%) n menonen (8,4-9,1%) 



npH MHHHMajibHoti KOHueHTpauHH CaO. B BepxHHx ziH(})(j)epeHUHaTax HHrpy3HBa (BepxHHe 
TaxcHTbi, JieHKora66po, raoSpoiiHopHTbi, 6e30.iHBHH0Bbie h ojiHBHnoco;iep>KaiuHe ra66po- 
AoaepHTbi) zuia Hero xapaicrepHa HH3Kaa MarHe3Ha;ibHOCTb h iuejiOHHOCTb, noBbimenHbie 
coaep'/Kaiina CaO (no 0.5 Mac.%) ripn coaepaoHHH Ti 02 = 2.4-2.6 Mac.%. 

flempo- u eeoximmecKue ocodemiocmu nopod 

XHMHHeCKHH C 0 CT 3 B THnHHHbIX nOpOZl TajlHaXCKOrO M 3 CCHB 3 no CKB. OYr-2 npHBeiieH 
b ripHjio>KeHHH 2; cooTBeTCTByiomee paciipe,'iejieHne ajieMeHTOB b BepTHKajibHOM pa 3 pe 3 e 
noKa3ano na pnc. 5.10. Anams othx aannbix c b H^ereabcrBvei o pa3JiHHHOM xapaKrepe 
noBeacHHH neTporeHHbix h py^Hbix aae.MeHTOB. KOTopbie moxho crpynnHpoBaib cjieAyiomHM 
o 6 pa 30 M: 1. MgO. Cr^O.;; 2. FeO, Fe 20 j; 3. CaO. ABO?. Si 02 :4. Ti 02 . Na 20 . K 2 O. P 2 O 5 ; 5. Co. 
Ni. Cu. 

BapwauHH co;jep>KaiiHH MgO b pa3pe3e onpe.iejiaioTca maBHbiM o6pa30M kojihhcctbom 
O l b nopo/iax h ero \iarne3HajibHocTbio. OOiuhh pa3Max koh ueHTpauHH 3 toto oKCH^a oTBenacT 
npeaejiaM 5.11-22.41 Mac.%. I IaH6o;iee BbicoKHe coflepacaHHa xapaicrcpHbi ajih ropH3oma 
nHKpHTOBbIX ra66po;i0.1CpHTOB. K BCpXHCH TpCTH KOTOporO ripHVpOMCH aOCOJHOTHblH M3KCHMyM 
MgO b pa3pe3e Hmpy3HBa. BBepx h bhh3 ot yjibrpa6a3HTOB co;iep>Kanne 3Toro KOMnonenTa b 
iioaBjieiiHH b Bepxneii 3 n aokoht a ktobo ii 30ne riopo;i. oooiameiuibix Ol. na6jno;iaeTca BTopoii 
MaxcHMyM naKonjienHfl MgO. 

KpHBaa pacnpeaejieHHH xpoxia npaKTHMecKH nojmocTbio noBTopaeT B3pnannn MarHe3HH 
(pHC. 5.10), 3HaHHMbie pa3JlHMHfl B nOBe^eHHH 3THX KOMnOHeHTOB HaOjHO/iaiOTCfl TOJlbKO B 
BepxiieH nacTH ropn30HTa ojimbhiiobbix ra66po-aojiepHTOB. OriiocHTejibHbiH MmiHMyM xpoMa b 
3TOH o6jiaCTH o6t>HCHHM pe3KHM nOHHVKCHHCM KOJlHHeCTBa XpOMMarHeTHTa B nopoae, B TO 
BpeMa K3K co/iepwanne oiiHBHua BBepx no pajpe jy yGbiBaeT nocTeneimo. B uejioM coaepwaiiHe 
Cr 203 b nopo^ax HHTpy3HBa MeHaeTca ot npeaejia o6Hapy3KeHHa (<0.007 Mac.%) b BepxHHx 
TaxcHTOBbix 1 a66po ;io 0.77 Mac.% c a6cojuoTHbiM MaKCHMyMOM b Bepxiien nac™ b iinKpn rax. 

B 3thx nHKpHTO bom ropn30HTe b neKOTopbix ynacTKax ycTanaBJiHBaeTca TaK>i<e 
MaKCHMajibno xpoMHCTbiii KJiHuoiiHpoKceii h OTMenaioTCfl Kpyimbie CKOiuienHH xpoMMarnerara 
h xpoMHTa, npenMymecTBCHHO b BHiie cerperauHH. BBepx h bhh3 ot ropH30HTa nHKpHTOB 
coKpamaercH kojihwcctbo okchhob. noHH/Kenne koh ueH rpann h C^Oj b KOTopbix Koppejinpyer 
co cHH/KeHneM xpoMHCTocn miHHonHpoKceHa - b pe3yjibTaTe CTeneHb oSexmeHMa nopoa 
xpoMOM yBejiHHHBaeTca b o6ohx HanpaBjieHHax. 



CKB.oyr-2 



nwir r r 


' oc 

mm Y rm ' 

1WC r ^ r r t 


-rl 




OS ©J 


Phc. 5.10. BapnanHH nopo;ioo6pa3VK>uiHx okchaob b BepTHKajibHOM pa3pe3e 

TajiHaxcKoro HHTpyiHBa no ckb. OV1-2 








CaeayeT oiMeTHTb, hto: 

1. FeO h Fe203 hmciot cxoanbie TpeHAbi pacnpeaejienHa (pnc. 5.10). 
MaKCHManbHbie coaepacaHna 3 thx okchaob (7.6 h 11.45 Mac.%, cootbctctbchho) BbiaBjiaioxca 
b nHKpHtax 3a cneT yBenHHeHHa nponopuHH 01 h Cpx no othoihchhio kP/h (j)HKCHpyioTca b 
raoopo.xHopHrax BcpxHen nacTH pa3pe3a. rae ohm o6ycjiOBJieHbi noBbimeHHbiM (ao 10-15%) 
coaep/KanneM THTaHOMarneTHTa. MmiHMajibHbie KOnnenTpaunH okchaob >xejie 3 a npHxoaaxca 
Ha 30Hy KOHTaKTa nHKpHTOB H OJIHBHHOBbIX raOOpOAOJiepHTOB. 

2. MaKCHMyMbi ko h uenTpaiiH h CaO h AI 2 O 3 (12.21 h 17.32 Mac.%, 
cootbctctbchho) npnypoHCHbi k ojiHBHHOBbiM h 01-coaep>KainHM ra 66 poaojiepHTaM, HTO 
CB«3ano c HaKon/ieHHeM b 3thx nopoaax njiarHoioia3a h ero noBbiuieHHOH ocHOBHocTbio (ao 
An X 4 ). BjiH3Kaa KapxHua Haoj'noaaeTca h b cymecTBeHHo njiarH0Kaa30Bbix riopoaax - 
raKCHTOBbix ra 66 poaojiepHTax h anopxHTOBbix JiefiKoiaOopo H3 hhjkhhx h Bepxunx 
TOpH30HTOB. B BCpXHHX TaKCHTaX COAepwaHHa CaO H AI2O3 B nopoaax HCCKOJlbKO 
noHnaoioTca, hto KoppennpyeT c yBeaiiHeHHeM aab 6 HTOBoro MHHaaa b naaiHOKaaxe. B 
nHKpiiTOBbix ra 66 poaojiepnTax coaepvKaHna htbccth h r.nmio3CMa pc3Ko naaaioT (ao 4.96 h 
7.75 Mac.%, cooTBeTCTBeHHO) $a cner cinDKenna o 6 mero KOJinnecTBa PI npH coxpanenHH ero 
ochobhocth. 1 loBeaeiiHe KpeMHna b unaaieH nac™ HHTpyjHBa anajiorHHiio pacnpeaejieiiHio 
CaO h AI2O3, a naHHHaa c ropH30HTa oaHBHHOBbix ra 66 poaoaepHTOB KpcMHCKncaoTnocTb 
nopoa npaKTHHCCKH ne Menaerca. 

3. Oocc|)op, tht3h h mejiOHH npoaBJiaioT nnaBHyio TeHaeHunio HaKonjieHHa k 
K poBJie Hinpy3HBa. KOTopaa b ueaoM nporHBonojioaaia noBeaeHHK) CaO h AI2O3. Jinn Bcex 
HCKOrepCHTHblX KOMnOHCHTOB XapaKTepHbl H HeCKOJlbKO nOBblLUeHHbie COaCp>KailHH B 
npnaoimoH nacTH MaccHBa. npHHeM 11 a o 6 meM (|>one y Kaacaoro 3JieMenTa OTMenaioTca 
He 60 JIbIHHe OTHOCHTejIbHbie MHHHMyMbI H MaKCHMyMbi B paCCM3TpHBaCMOM pa3pe3e. B 
nacTHOCTH, riOBbimeHHe coaep>KaHHH HaxpHa b BepxHefi nacTH paxpexa amaHO c 
pacKHCJieimeM PI h, oth3Cth. BTopHHiibiMH H3MeiienHHMH nopoa. AHaiiorHHiiaa KapTHiia ana 
TH iana oGbacnaexca noaBJieHHeM b nopoaax Bepxnen Hacrn paxpexa THTaHOMarHexHxa. 

4. HaKonjieHne pyaHbix Ko.vinoHeHTOB — HHKe.ia, Ko 6 ajibTa h Mean - ciiaxano b 
ochobhom c cyjib(j)HaaMH, hto ooycjiOBJiHBaer MaKCHMajibHbie KOHnempanHH othx MeTaaaoB b 
HHXCHHX pyaOHOCHbIX AH(j)cj)epeHnHaTaX (riHKpHTOBbIX H TaKCHTOBbIX ra 66 pO-AOJiepHTax). 
Otmcthm, hto no cpaBiienHio c Co h Cu pexxoe naaenne coaep'/KaiiHH Ni b nopoaax 
npoHcxoAHT Ha 6 ojiee BbicoKnx ropH30HTax HHTpy3HBa h nponcxoAHT Ha (J)OHe oojree njiaBHoro 
nOHH>KeHH5I BBepX no pa3pe3y, HTO MO>KHO oOtaCHHTb OTHOCHTejIbHO BbICOKHMH 
KOlineHTpaUHflMH IIHKejia B OJIHBHHe H MOHOTOHHbIMH BapHaUHHMH KOJIHHeCTBa 3TOTO 
MHHepaiia. 



C yneTOM nocTaBjieHHOH Bbiuie 3aaaHH onpe^ejieHHa ncxo;*Hbix napaMeTpOB 
laniiaxcKOH MarMbi maBHbiM ooteKTOM naiuero Hccue^oBaHHa oy^avT nopoabi H3 hhhchch 
HacTH MaccHBa - ot npHKOHTaKTOBbix TaxcHTOB .ao nHKpHTOBbix ra66pO-aOJiepn TOB c 
M aKC H M ajl b H bl M H COaepHCaHHflMH MgO. 3THX ropH30HTOB XapaKTepHbl 3HaHHTejIbHbie 

BapHauHH xHMHHecKoro cocTaBa nopoa, OTBenaiomHe pa3Maxy coaepacaHnn Si02 nopawa 5 
Mac.%. AI2O3 -10 Mac.%, MgO -15 \iac.%. FcOoom h CaO -7 Mac.%. Jl aHHbie KOJicoaHna no 
pa3pe3y hocht 3aKOHOMepHbiH xapaKTep h \ior\T ObiTb oSycjiOBJieHbi npoueccaMH 
nepepacnpeaejienHH KpncTajuiOB (b ochobhom h HTpaTejiJiypHHecKH x) na (|)one 
He3HaHHTejibHoro (j)paKUHOHHpoBaHHfl HcxoiiHoro MarMaTHHecKoro pacn.iaBa (XlHcnpoBCKafl n 
;ip., 1987). Kax caeayeT H3 npeabiaymnx pa3aeaoB. 3Ta cnryannH reHeTnnecKH hh(|) op m am bh a 
n OTBenaeT c(|)opMyjiHpoBamibiM ycaoBHHM npHNieiieiina \ieroaa reoxHM h necKOH 
TepMOMeTpHH. 

Modejiupoeanue (pasoobix paenoeecuu 

Jlfl* npoBeaeimfl TepMOMeTpHHecKHX pacneTOB 6ujih ncnojibiOBaiibi xhmmhcckmc 
cocTaBbi nopoa H3 ckb. OYF-2 h pacno;io>KCHHbix ceBcpHce ckb. K3-1713 n K3-1799 
(C/amanske et al., 1995). 1 IpnB;ie i ieHne aononHHreabHbix ;iannbix CB^nano c Heo6xoaHMOCTbio 
noBbicHTb npe.acTaBHTejibHOCTb neiponornMecKoro Marepnajia h oGycjioBjieno crpeMiieimeM 
oriHpaTbca Ha aannbie no pa3pe3aM, pacnoaoxcemibiM HeaaaeKO apyr or apyra (pwc. 5.9). 
ycjioBne npocTpancTBeHHOH 6 jih3octh no3BOJiaeT npeanoaaraTb He3HaHHTejibHbie pa3JiHHHH 
cocTaBa HHrepKyMyjiflTHBHbix OaxBancHHbix) pacnjiaBOB aaa nopoa H3 hhhchhx ropn3onroB, 
KOTopbix He ycranaBjiHBaeTCH cymecrBemioM jiarepajibiion anH30Tpon hh reoxHM hhcckhx 
npH3HaKOB. TaKHM o6pa30M. npn BblHHCJieHHflX OblJlH HCn0JIb30BaHbI TOJlbKO COCiaBbl 
nHKpHTOBbix (n=13) n TaKCHTOBbix (n=6) ra66po-nojiepnTOB: 11 o6pa3uoB H3 ckb. K3-1799, 7 
H3 CKB. K3-1713 H 5 H3 CKB. Oyr-2. 

Bbi6op ucxodHbix cocmaeoe 

CoBpeMeHHbie bcpchh nporpa.MMbi KOMArMAT no3BOji5HOT MoaeJiHpoBaTb 
pacnjiaBHo-KpncTajuiHHecKHe paBHOBecua b npncyTCTBHH nam cn.iHKaTHbix (Ol. PI, Aug, Pig, 
Opx) h aByx OKCHniibix MHiiepajioB (Ti-Mt, Ilm) h ne BKjHonaiOT Bbiaeaenne cyjib(|)HanoH 
(J)a3bi. rionbiTKH pacncTa no 3 toh Moaejin (j)a30Bbix paBHOBecnn nopoa* coaep>KauxHX 
3na i mrejTbHoe kojihhcctbo cyjib(|)naoB, \ior\T ripuBoaHTb k HCKa>KeHHK) nojien oraeabHbix 
MHiiepanoB n CMemenmo Moae.ibHbix nnnnn 3 bojiioiihh cocTaBa pacn.iaBa. 1 lo otoh npunnue 
.aaHHbIC HCXO^HblX XHMHMCCKHX aHaiH30B HCOOXOaHMO nepeCHHTbIBaTb OnpC.HCJieHHfl 

KonnnecTBa FeO b cn.iHKaTHon MaTpnue. ncxoaa H3 oomero coaep*>KaHHfl cepbi n uBembix 
MeTan.iOB b KaacaoM kohkpcthom o6pa3ue. MeToanKa nepecneTa npeanoaaraeT, hto Cu bxo^ht 



b cocTaB xajibKoriHpHTa. a Ni - neHTaaHanTa. npn 3 tom aonycKaerca, hto aojia hhkcjih, 
CBH3aHHoro c 01, Majia h He bjihsct npHHUHnnajibHO Ha oajiaHC Hcejie3a Meacay cyjib(|)HaHOH h 
CHJIHKaTHOH COCTaBJIHK)LUHMH npOObl. 

IIociie/ioBaTejibHocTb nepecneTOB BKjiionaeT: (1) ouenKv BajiOBoro KoannecTBa (Mac.%) 
xa-ibKonupTHTa h neHTaaHanTa b nopoae Ha ocHOBaHHH aaHHbix no hx peajibHbiM cocTaBaM h 
coaepacaH hK) b o6pa3iiax Cu h Ni, (2) pacneT KoamiecTBa cepbi, CBJBaHHOH b 3thx MHHepaaax, 

(3) onpeaeaeHHe ocTaTKa S (no aaHHbiM xhmh nee koto aHanH3a), npHXOiwmeroca Ha nnppoTHH, 

(4) pacner coaepwanna FeO b cnanKaTHOH Marpnue b Bnae ocrarKa or BbiHHTaHHfl 
“cyabtJwaHoro” aceae3a H3 BanoBoro KOJinnecTBa FeOo6m b oopa3iie h (5) npHBeaeiine noBoro 
cocTaBa k 100% cyxoro ocTaTKa. J \aa BbiHHCJieHHfl KOJiHnecTBa >Keae3a b cyab(|)Haax 
npHHHMajincb caeayiomne cocTaBbi: xajibKonnpHT - CTexHOMCTpHMecKHH CuFeS 2 (Cu - 34.64, 
Fe - 30.42, S - 34.94 Mac.%), aaa ocrajibHbix MHHepaaoB - cpeaHne cocTaBbi, paccuH rannbie no 
peiyjibraraM MHKpoionaoBbix anajiniOB ripn H3yneHHH BKpanjieinibix pya H3 ckb. Oyi'-2. llo 
3THM AdHHblM CpeaHHH COCTaB nCHT.iaH^HTa B nilKpHTOBblX TaGOpO^OJlCpHTaX npHHflT 32% Ni, 
34% Fe n 34 Mac.% S, a b TaxcHTOBbix raoopoaoaepuTax - 3 5 % Ni. 3 1 %Fe h 34 Mac.% S; 
cpeaHne xapaK'repHCTHKH nwppoTHHa oTBenaioT 61% Fe + 39% S b iiHKpHTax h 60% Fe + 40% 
S b TaKCHTax. 

KpoMe Toro, cneunajibnaa cepna BbiHHCJieHHH npoBeaena aaa Tpex cocraBOB, 
npe^cTaBJunomHX cpeaHeB3BemeHHbie o which nopoa TaanaxcKoro HHTpy3HBa (ra6a. 5.8). Onn 
ocHOBanbi Ha aaHHbix M.E./lHenpoBCKOH no 29 OTaeabHbiM CKBa)KHHaM (^HenpoBGKaa w .up, 
1987), T.E.3eHbKO n B.A.OeaopeiiKo c KOJiJieraMH no ckb. K3-1799 n K3-1713 (Czamanske et 
al., 1995) h peiyjibTarax naujHx h ccaeaoBan hh nopoa H3 ckb. OY1-2 (TaSji. 5.8). Bo Bcex 
cjiynaMx iipuBe/iennbie cocraBbi xapaKrepH jyior cpe;nieB3BemeHHbie oueuKH CHJIHKaTHOH naern 
TajniaxcKHx nopoa, paccHHTaHHbie no toh >Ke MeroaHKe, hto h b cjiynae KOHKpeTHbix 
o6pa3UOB* HHTepeC K 3THM HCXOaHbIM COCTaBaM OOyC.lOBJICH TCM. HTO HOTCHUHaJIbHO OHH 

1 FIpejuio>KeHHbiH M.B. /^HenpoBCKon cocTaB BKjnonaeT aaHHbie no XapaejiaxcKOMy 
MaccHBy, hto HecKonbKo CHHHcaeT ero 3HaHHMOCTb ana TanHaxcKoro HHTpy3HBa. OaHaKo 
oTHocnrejibUbiii o6i>eM HH(|)opManHH no xapaejiaxcKHM nopoaaM b otoh BbiOopxe He bcjihk, hto 
aonycxaeT Hcriojib30Baime aannon oueuKH b nocaeayiomux reneTHHecKHx peKoncTpyKUHax. 
I la ocHOBaHHH cocTaBOB nopoa H3 ckb. K3-1799 h K3-1713 hbmh 6wji CHanaaa nocTpoeH 
CBOjjHOH pa3pe3, yHHTbmaiomHH nepeKpbiTne KepHOBoro MaTepnaaa (Czamanske et al., 1995) 
(nepBHHHbie aHajiHTHHecKHe aaHHbie 6mjih aio6e3HO npeaocTaBaeHbi B.A.OeaopeHKo). Cyafl 
no JIHHHbIM Ha6jl!OiieHHflM aBTOpOB H H3BeCTHbIM 0600 UieHH«M (3oJIOTyXHH h ap., 1975; Phoob 
h ap., 2000) oh 0Ka3ajica He oneHb THnuneH aaa TamaxcKoro HHTpy3HBa, nocKoabKy BKaionaeT 


necy r Ty >xe HH(|)op\iauHio no TexinepaType BneapenHa, cocTaBaM HHTpaTejuiypHHecKHx c|)a3 h 
M arMaranecKoro pacnnaBa. xoTopaa “3anncaHa“ b BaaoBbix cociaBax nopoa H3 hpdkhhx 
ropH30HTOB. B cjiynae naeaabnoro njiacTOBoro Tejia ohh 6ujih 6bi ne aon>xnbi CHJibHO 
pa3JiHHaTbCfl MCvxay coGoh. npeacTaBaaa no cymecTBy BanoBbin cocTaB hcxootoh MarMbi, cm. 
ypaBHeHne (1). B peaibnon cnryaunn He cymecTByeT bo3mo>xhocth a jih o6i>eKTHBHOfi oueHKH 
BecoBbix cooTHomeHHH Bcex pa3HOBH^HOCTeH nopoa, caaraiomnx xax npoTH^ennbie 
ropH30HTbi, Tax n Heoojibmne Teaa. anmbi n t . jx . IIo 3toh npunmie Mbi paccMarpnBaeM 3TM 
cpeaHeB3BeuienHbie cocTaBbi xax MoaeabHbie chctcmu, KOTopbie MoryT hc cooTBeTCTBOBaTb 
hcxoahom \iarMe. ho tcm hc MeHee nojie3Hbi juw xoHrpoaa pe3yjibTaTOB reoxHMHnecxoH 
TepMOMeTpHH, nojiyneHHbix aaa peanbnbix MarMaTHHecKHx nopoa. 

}/CJIOGUH Gbl '/ UCJieil nil 

BamibiH acneKT reoxHMHHecxoH TepMOMeTpnn xacaerca 3aaaHHH aaBaenna h 

OXHCJIHTCJlbHO-BOCCTaHOBHTCJIbHblX yCJlOBHH BHeapCHHfl HCXOaHOH MarMbi. UpH 
nccjie;iOBaiiHHx 3X30xonraxTOBbix 30 H HHTpy3HBa Hopn;ibcx I cpe;w H3BecTH»X0B Gmjih 
BCT peneHbi MOHTHnejuiHTOBbie nopoabi, hto no3BOJiHJio OTiiecin (|)opMHpoBanne Bcero 
xoMruiexca x reaeHHT-MOHTHHeJiJiHTOBofi (|)aunn rayGmiHocTH (-500 Gap) (IoaaeBcxHH, 1959). 
C 3 toh ouenxoH coraacyioroi aaHHbie no jiHTOCT aTHnecxo h narpy3xe nopoa, nepexpbiBaiomHx 
HHTpy3HH nopHJibcxoro THna - 500-1000 Gap (Marne3HajibHbic 6a3HTbi ..., 1984). B 
cooTBeTCTBHH c 3TOH mi(|)opManneH pacneTbi no MoaeanpoBanmo paBHOBecHOH 
xpncTajuiH3auHH npoBoaHJiHCb npn aaBneinni P=0.5 xGap. 

Mchcc onpcaeaeHUbi onenxn jieTynecTH xHcaopoaa. OGbiMHo ohh ocHOBaHbi naaanubix 
no BajiOBOMy coothoujchhio Fe 203 /Fe 0 b riopoaax. xoTopoe no aHajiornH c pacnjiaBaMH 
;ioji>xho 3aBHceTb ot TeMnepaTypbi, IO2 h cocTaBa. PacneTbi c Hcnojib30BaHHCM npocTefiiiieH 
3aBHCHMOCTH Oyaaan npH 1200°C (Fudali. 1965), npoBeaemibie aaa nopoa Marne3HajibHbix 
HHTpy3HH ccBepo-3anaaa Cnonpcxon njiaT(j)opMbi, aaioT anana3on 3HanenHH ft )2 ot -7.2 ao - 
8.2 (MarnejHajibiibie GaiHTbi .... 1984). xoTopbiii nonaaaeT b HHTepBan 6\(|)epnbix paBiioBecnH 

AOBOJibno MomubiH (ao 30 m) ropnjoHT xBapneBbix AHopHTOB, xoTopbie b apyrux pa3pe3ax 
jihGo OTcyTCTByioT, jihoo npeacTaB.ieHbi b MeHbmeM oGbeMe. Ilpn pacneTax 
cpeaneBiBeuiennoro cocTaBa nopoa H3 cxb. K3-1799 h K3-1713 MomnocTb 3Toro ropH3oiiTa 
GbiJia noHH>xeHa ao 5 m. Ilpn oiieHxe cpeaHCB3BemeHHoro cocTaBa no onopHon cxb. OYr-2 H3 
pace mOT pe hhm HcxjnoMeH BepxHHH oGp. 1104.6 (Ta6;i. 3) c aHOMajibHO bmcokhm coaepacaHHeM 
Na20 (H3-3a peaxocTH onpoGoBanna npnxpoBeabiioH Macro ero cocTaB annpoxcHMnpoBaaca na 
25 -m HHTcpBaji. hto 3aMCTH0 cMcmaao cpeaHioio mejioHHocTb nopoa). 




npHMepHO ot NNO+O.5 ao QFM. ripw MoaejiHpoBaHHH rpaeicropHH KpHCxajuiH3auHH h3mh 
npHHHTbi 6ojiee BoccxanoBHxe.ibHbie vcviobhm QFM-0.5 nocKOJibKy H3Becxno. hto BCJiencxBne 
noBepxHOCTHoro okhcjichha Ha6juo,aaeMbie oxHomeHHa FejOj/FeO b nopoaax oSumho 
npeBbiiuaeT 3HaneHHH, oxBenaioiuHe okhcjichhocth MarMaxHHecKux pacnjiaBOB, H3 Koxopbix 
ohh KpHCxajuiH30BajiHCb (Carmichael. Ghiorso. 1990). 

Hawajibiioe coaepacaHHe BO.ibi b paciuiaBax xaKCHxoBbix h nnKpnxoBbix 
ra66po;iojiepnxoB nocxyjinpoBajiocb Ha ypOBHe 0.1 Mac.%, hxo iipn 3a,xaHno.M ;iaBjienHn 
rapaHxnpoBajio nejjocbimeHHOcxb HjO b HHxepBajie 0-70% KpncxajiJiH3auHH (AjibMeeB, 
Aphckhh. 1996). 3xo ycjioBHe npe^nojiaracx oxcyxcxBHe ncpBHMHO-MarMaxHuecKoro 
aM(|)H6ona b nopoaax TajwaxcKoro HHxpy3HBa h comacyexca c ne3HaHHxejibiiOH 
paenpoexpaHeHHoexbK) Bo;ioco,aep>KainHx (Jjax b uejiOM ana HHxpyxHBa. b nacxHocxH oHoxnxa 
(PhGob, 3ojioxyxHH, 1977). Pacnexbi (j)a30Bbix paBHOBecHH jv ia Ka/K.xoro o6pa3ua npoBo;iHjinci> 
nocjieaoBaxejibno no Mepe yBejiHMCHHa cxeneHH 3aKpHcxajuiH30BaHHoexH pacnjiaBa camion 
nopo/ibi; mar KpHcxaiuiHxauHH cocxaB:ifl.n 1 moji.%. MaxcHMajibHaa cxeneHb 
3aKpHcxaji^H30BaHHOcxH Mo^e^bHbix chcxcm He npcBbimajia 80% (20% 3axBa i icHHOH 
>km;ikocxh). 

Pejy.ibinanihi ?eoxu.\tmecKoii mep.uoMempuu 
riopfl/lOK KpHCXa^JlH3aUHH 

/(jia 19 H3 23 paccMHxaHHbix xpaeKxopHH ycxaHOB.xeHa KpncxajuiH3auna H36bixoHHoro 
Ol b ;iHaiia30He xeMnepaxyp 1250-1540 H C. ripw 3 xom Bxopofi Kpncxaju]H3yiouieHca (|>a30H 
aBJiaerca PI (MaKCHMajibiiaa reMnepaxypa noaBJieHHa - 1255°C), xpexbHM Bbiflejiae rca 
KJiHiionHpoKceH (Aug). B nexbipex cnynaax H3HanajibHO oxMe>iaexca koxckxh i iec Kaa 
KpHcxajuiH3anHfl Ol+Pl npH xeMnepaxypax -1200-1235°C, BCJiea 3a KoxopbiMH xaioxe 
KpncxajiJ[H3yexca aBiHx. Hawajibnaa xeMiiepaxypa KpMCxajuiH3annn Aug iiHKoi.xa ne 
npeBbiuiaex 1189°C. Xapaicxep naGato.xaeMbix cxpyxxypHbix cooxhoiiichhh iciHuoiiHpoKcena c 
Ol h PI b xaKCHxoBbix h riHKp hto ibix raoGp onojiepnxax yKa3biBaex na oxcyxcxBHe xxoro 
MHHepajia cpean nepBHHHbix JiHKBH^ycHbix MHHepajioB (cm. Bbirne), noaxoMy paccuHxanHoe 
3Ha i ieHHe T~1190°C momcho paccMaxpHBaxb icax hhjkhhh ripeaeji BepoarnoH xeMnepaxypbi 
Biie.xpenHsi hcxoahoh MarMbi. 

AnoMajibiio BbicoKHe xeMnepaxypbi JiHKBHuyca ana o6oramennbix MgO HHKpHxoBbix 
ra66po-^ojiepHXOB (T>1450°C) CBHjexeiibcxByiox o KVMy.ianHoiiHOH ripupoae xxhx nopoa 
oGyc^oBJieHHon HaKonjieHneM KpHcxajijioB ojihbhh3. Fla 3 x 0 > Ka3biBaex paccmixaHHbiH cocxaB 
BbicoKoxeMnepaxypHbix ojihbhhob (91-92% Fo). Koxopbifi naMnoro MarnexHajibnee nanGojiee 
iipHMHXHBHoro Ol (F 082 ), ycraHOBJieHHoro b nopo;iax hh>khhx ropH30HXOB. 3;ieci> HHrepecuo 
npoaHajiH3HpoBaxb cxpyxxypy pacnpeaeneHna jimcBnaycHbix xeMnepaxyp ana ojiHBnna. He 



rpy/jHO 3a\ieTHTb. hto 3a cneT otcvtctbhh pacneTHbix TexinepaTvp b HHTepBajie - 1300 - 1450 °C 
3Ta thcto rpa.M m a hocht mbho OHMo;ia;ibHbiH xapaicrep. no Haiuexiy mhchhio 3to hbjihctch 
npHMbiM cjieacTBHe\i KompacTHoro xapaicrepa pacnpenejieiiHH MgO (a cjieaoBaTejibno 01 ) no 
pa3pe3y ropH30HTOB raxcHTOBbix h nnKpn roBbix raoopo-jiojiepHTOB n no3Bo;iHer npejuiojiai aib, 
hto napaMeTpbi hcxojihoh MarMbi uajxo HCKaTb npn Texmeparypax HH>Ke ~ 1300 °C. 

B 3TOH CBH3H nOJIC3HO BCpHVTbCfl K TCMnepaTypaM HanaJlbHOH KpHCTajUIH3aUHH 
njiarHOKJia3a. MaxcHMajibHbie pacneiHbie Texineparypbi noflBJieHHH 3Toro xiHuepajia 
COCTUBJIfllOT OKOJIO 1250°C, OJUiaKO 3TH OUeHKH OTIIOCHTCH K nopo^axi C IieKOTOpblM 
KOJIHHeCTBOM H36bITOHHOrO 01 H B03M0yKH0 PI. OmCBH^HO, MTO pcaJIbHbIC TCMncpaTypbl 
KpHCTajuiH3auHH njiarHoicia3a He jx ojdkhm npeBbiinaTb jiHKBH^ycHbix 3HaneHHH zma 
cv6KOTCKTHMecKHx nopofl, xorjja acconnann« Ol+PI HanHHa-ia Bbuiejiarbca o/iHOBpeMCHno. no 
aaHHbiM pacneroB 3 th TeMneparypbi cocTaBjunor 1200-1235°C. Ilo3TO\iy, ecjiH aonycTHTb, hto 
H cxo^Hbin MarMaTHMecKHH pacnjiaB 6biJi oahobpcmchho nacbimen 01 h PL no ucAocbimen b 
OT iiouieimn Aug. BepoflTHbm AHana30H Texirieparyp hcxo^hoh MarMbi cywaeTca jxo iiiaHeiiHH 
I190-1235T. 

npeacTaBjiemibie 3 /iecb cooGpawenna n oueHKii ocHOBaHbi na iiocjie;iOBarejibiiocTH 
KpHCTaJUIH 3 aUHH pacnJiaBOB TaKCHTOBbIX H IlHKpHTOBblX ra66po-jiojiepHroB H CTpyKTypHOH 
HHTepnpeTauHH 3thx nopoa, npennojiaraiomeH OTcyTCTBHe KjiHiioiiHpoKcena n npncyrcTBHe 
MjiarHOKJiaja cpe/iH nepBHHHoii jiHKBHjiycHOH accounannH. B reneTHMecKHx nocTpoennax 
TaKoro po/ia nen36e>KHO jiaBJieeT cy6i>KTHBHbiH (|>aicrop. 06 i>eKTHBHbiM CBHfleTejibCTBOM 
npaBOMepHOCTH 3thx oneiioK Morjio 6 bi HBHTbCH crymenne h iiepeceMeime paccHHTannbix 
jihhhh 3bojik)uhh cocTaBa pacnJiaBa npw TeMiieparypax b6jihth 1200 °C. 

OijeuKa cocmaea ucxodnmo pacruiaea 

nOJiyHCHHbie 17 3 BOJIIOHHOHHbIX JIHHHH C BbICOKOH CTeneHbK) JlOCTOBepHOCTH npeaCTaBJHIIOT 
ejiHuoe ceMencTBO kotckthk. HecMorpa Ha cymecTBeHHbie pasjiHHHH hcxo^hwx cocraBOB. 
OcrajibHbie mecTb TpaeicropHH jjeMOHCTpHpyiOT oojiee uihpokhh pa 36 poc KOHueHTpauHH b 
paciuianax FeO h SiO: (npHHHHbi KOTOpbix noxa ne acHbi 2 ), nooTOMy H3 nocjieayiomero 
paCCMOTpCHHfl HCKJHOMCHbl. OTJieJIbHO BblJieJICHa JIHHHH 3 BOJIIOUHH pacnjiaBa npn paBHOBCCHOH 


2 Cxopee Bcero 3th pacxoacaeHHH cBjnaHbi c HajioxceHHeM aHajiHTHHecKHX Heonpe^ejicHHOCTen 
(BKJHOHaa yneT npncyTCTBHH cy;ib(})H,noB) Ha norpeuiHocTH pacneTOB no 3BM-MO,aejiH 
KOMArMAT. O^HaKO Hejib3» HCKjnonaTb. hto ohh Moryr HOCHTb h reHeTHHecKHH xapaKTep. 
OOyCJIOBJieHHblH HeH30XHMHHH0CTbK) IipOUeCCa ((jOpMHpOBailHH JiaHHbIX nopoa HJ1H HX 
HaCTHHHOH nepeKpHCTajuiH3auHH. 



KpHCTaJiJiH3auHH cpeaHeB3BenieHHoro cocTaBa TajiHaxcKoro HHTpy3HBa no HauiHM nan h him 
(ckb. OYr-2, Ta6ji. 5.7). 

3th aaHHbie riOKa3biBaKjr. hto coxiH/KeHne h nepeceneHHe MoaenbHbix jihhhh aocTaTOHHO 
Haaeamo ([iHKCHpyercH no conep/KainiMM AI 2 O 3 h FeO (b MeHbinen CTeneHH Si 02 , Ti 02 ) h 
npnypo'iCHo k TeMnepaTypaM 1180-1220°C. B ttot ace HHTepBaji TeMnepaTyp h cocTaBOB 
noiiaaaeT rpaeicropHa ana cpeaHeBiBcmeHnoro cocTaBa. TaKHM o6pa30M, pe3yjibrarbi 
reoxHMHMecKofi TepMOMeTpHH no3BonaioT onpeaejiHTb TeMnepaTypy hcxo;ihoh TajinaxcKofi 
MarMbi Kax 1200±20°C, c norpeumocTbio necKo;ibKO mi*e tohhocth reoTepMOMeTpoB, 
Hcnojib3ye\ibix b nporpaMMe KOMArMAT. B Ta6n. 5.8 npHBeaena cpeaHaa onenKa 3Toro 
MarMaTHMCCKoro pacnnaBa, paccHHTaHHaa no 17 cociaBaM. npeacTaBjiaioinHM xaacayio 
Moaejibnyio jimhhk) npH 1200 H C. He Tpy no BHaeTb, hto ttot cocTaB mo wo 

KjiaccH(|)nnnpoBaTb Kax THiiHHHbiH TOJieHTOBbiH (|>eppo6a3aabT, HecxojibKO o6orameHHbiH 
KajineM. On coaepacHT okojio 8 Mac.% MgO h noTOMy 3aMemo Marne3najibnee cpeanero 
cocTaBa "nopMaabiibix" TpannoB ChGhpckoh nnaT(})opMbi (Taon. 5.8). oaHaxo ne “aoTarHBaeT" 
ao Tex 1 012%, KOTopbie no mhchhio 3onoTyxHHa c KonneraMH onpeaenator rmxpHT- 
6a3ajibTOBbifi xapaKrep Mar.MaTHHecicoro pacn.iaBa HcxoaHoro ana ch6hpckhx rpannoB 
(Marne3HajibHbie 6a3HTbi 1984). 

Cocmaebi MUHepajioe e ucxodnou acconuapuu 

B pasaene. nocBamennoM Meroay reoxHMHHecicoH TepMOMerpHH, yica3biBa;iocb, hto b 
cro ocHOBe neacHT npeanonoaceHHe o paBHOBCCHOM xapaicrepc pacnpeaeneHna KOMnoHemoB 
Me>Kay MHHepaaaMH h pacnnaBOM b HcxoaHOH ana Kaacaon nopoabi accouHaunn. 3 to 
03iia>iaeT. hto npH neGonbiuHX pa3JiH>niax oueneniioro cocTaBa mnepKyMyjiamBiioio 
(3axBaHennoio) pacnnaBa peiynbraTbi pacneroB aonacHbi aaBaib raicace 6;iH3KHe oneuKH 
Hcxoanbix coctbbob MHHepajioB npn ycTaHOBaemioH ana aamibix nopoa TeMneparype 
(j)opMHpoBaHHa. YMHTbiBaa. hto Bee 17 TpaeicropHH npn 1200°C yKa3biBaioT Ha acconwanHio 
Ol+Pl, mowho oneiiHTb cpeaHHe cocxaBbi 3 thx jiHKBHaycHbix c|>a3 h npHnaib hx b xanecTBe 
HcxoaHbix xapaKiepncTHK TaaHaxcKoii MarMbi. Pacneibi cpeaHnx 3HaneHHH npn 1200°C aatoT 
81.3±1.1 Mon.% Fo b Ol h 80.5±2.4 Mon.% An b PI. 3th onemcn Haxoanrca b xopomeM 
COmaCHH C aaHHbIMH MHKp030HaOBbIX HCCneaOBaHHH nOKa3bIB3K)mHMH. HTO B TaKCHTOBbIX 
ra66poaonepnrax MaxcHMajibHaa MarHe3HajibHOCTb onHBHHa OTBenaeT upHMepHO Fon-si, a 
nanooiiee BbicoicoTeMnepaTypHbiH nnarHOKaa3 coaepacHT He 6oaee 83 % An. 



0a3oebiu cocmae ucxodHOu MQ3Mbi u nopod U3 humhux eopu30Hmoe 


MHTepeCHafl 0 C 06 eHH 0 CTb reOXHMHMeCKOH TCpMOMeTpHH CB»3aHa C B03MO)KHOCTbIO 


F'™ f 

oueiiKH 4>a30Bbix nponopuHH hcxoahoh MarMbi ( ' h 1 - cm. yp.(l)). 


a Taiexce nponopuHH 


KyMyjiHTHBHbix 3epen J h pacn.iaBa 1 (cm. ypaBHeHHH (2.3)) b hcxoahmx KyMyjiHTax, H3 
KOTopbix no3^Hce KpHCTajuiH30BajiHCb nopoAbi. 3th nponopuHH HaxouflTCH Kax pc3yjibTaT 
pemeHHfl 3aAann TepMO ah h aM h nee koto paBHOBecna win xa>KAoro oopasua npn ycTaHOBJieHHOH 
TeMnepaType (|)opMHpoBanHH nopoAbi. Oa30Bbie napaMeTpbi hcxoahoh MarMbi ouenuBaioTca 
anajiorHHHO - no peiyjibraraM nocrpoeiniH rpaeKTopun paBHOBecHOH KpHCTajuiH3auHH ajih 
C pCAHCB3BCLIieHHbIX COCTaBOB. KaK BHAHO H3 3THX AaHHbIX, BO BCeX CJlVHaflX yCTaHOBJICHa 
KoxeKTHMecKa« accouHauHH Ol+Pl c npeoSjiaAaHHeM ojiHBHHa. npnneM oSinaa aojih 
HHTpaTejuiypHHecKHX BKparuieHHHKOB b Mame k momchtv BiieApeima cocTaBJisuia ot 10.8 ao 
14.0 Mac.%. ripHBe;ienHbie cocraBbi mchakoh HacTH hcxoahoh MarMbi rax>xe coraacyiOTCH c 


oueiiKOH, noAyneHHOH no xoiiTaxTOBbiM raoopo-AonepHTaM (Taoji.5.8). 



KyuynFmiEMl^H nnn&*K 



Kymy rim unmww nnnmnKnn.i 



*0 W fii> IDO *■ 

Cojep*anne pac/wasa 



0 Id 2D 3D V.AI.O, 



d 0.05 d.l 0.15 V-F.o, 
d 10 id W PF>^ 


Phc. 5.11. Pacnpciie.ieHHe pe^KHX 3Jie\ieHTOB b nopo^ax. kvm yjiflTH b h t>i x MHHcpajiOB w 
co^ep>KaHHe pacnjiaBa b hhhchhx ropH30HTax Ta.iHaxcKoro HHTpy3HBa 





I'aojiHua 5. 6 . CocTaB nopoaooopa-jyiomHx MHHepajioB TaiwaxcKoro HHTpy3HBa (ckb. OYF-2). Mac,% 
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1 dpH30HTt>i nopoA TanHaxcKoro HHTpy3HBa: A - KpaeBbie koHT aKTOBbie raGGpcuo.iepHTbi h 3pynTHBHbie GpeKHnn; B - aTaKCHTOBbie 
ra66po^ojiepHTbi; B - raGGpo-AHopurbi h npH3\iaTHqecKn-3epHHCTbie raGGpoaojiepHTbi; raGGpoaoaepHTbi: r - 6e3JiHBHHOBbie. R - 
OJIHBHHCO^ep>KamHe. E - OJIHBHHOBbie. )K - nHKpHTOBbie. 3 - TaKCHTOBbie. 















































TaGjinua 5.7. Cpe^nemBemeHUbiH cocTaB CHJiHKaTHOH nacra nopon (Mac.%) 


TajinaxcKoro HHTpy3HBa no painbiM ouchksm 


KoMnonenT 

1 

2 

3 

Si0 2 

47.47 

48.30 

48.76 

Ti 0 2 

1.11 

0.85 

0.88 

ai 2 o 3 

14.11 

15.33 

14.90 

FeO 

12.33 

12.34 

11.08 

MnO 

0.22 

0.19 

0.20 

MgO 

11.54 

10.00 

10.52 

CaO 

10.22 

10.45 

10.04 

Na 2 0 

1.91 

1.86 

2.05 

K 2 0 

0.56 

0.58 

0.65 

P 2 O 5 

0.12 

0.20 

0.18 

Cr 2 0 3 

0.13 

0.10 

0.14 


npiixteHanm: 1 - iio ckb. K3-1799 n K3-1713 (Czamanske et al.. 1994). 2 - 
cpe/uiee no pa3pe3a\i 29 ckbs)khh pa3pe3a\i (/InenpoBCKaa n ,ap., 1985). 3 - no ckb. 
OY1-2 (iiauiH AaHHbie); Bee >Kejie3o b B*ue FeO. 


Ha pnc. 5.11 noKa3ano Mo^ejibHoe pacnpe^e-ieHne KyMyjiHTHBHoro Ol u PI b cbo^hom 
pa3pe3e HH>KHCH HBCTH CKB. K3-1799 H Oyr-2. MomHOCTb mpn30HT0B nHKpHTOBbIX H 
TaKCHTOBbix r a66po^o;iepn roB b 3tom pa3pe3e npnBe/ieHa b OTHOcnrejibHbix npouenxax ox 











o6mefi moiuhocth HHxpy3HBHbix nopoji. BCKpbiTbix KaHcaoH H3 ckb3>khh. Bepxnaa napa 
rpa(J)HKOB HJiJiiocTpHpyeT cooTHomeiinM Moxny pacneTHbiM kojihhcctbom hcxohhux 
KpHCTajiJiOB 01 h peajibHbiMH cojiep/xan hhm h b riopojiax MgO h Ni. Kax bhjihm, aanHbie 
TepMOMeTpn h \Ka3biBaK)T Ha nocTeneHHoe yBejiHneHHe aojiH xyMyjiaTHBHbix xpHCTamioB ot 
nepBbix % b6jih3h HH>KHero xoHTaxTa TaxcHTOBbix ra66po-iiojiepHTOB 40 50-60% b BepxHen 
naCTH nHKpHTOB. IIpH 3TOM lia,T0 HMdb BBHJIV, HTO XOpOUiafl KOppejIHUHH MOKJiy XHMHHeCKHM 
h Mo;iajibiibiM riapaMerpaMH He MO/xer paccMarpHBarbca xax npjiMoe ;i0Ka3are;ibcrB0 
xyMyjiaTHBHOH rHnoTe3bi. nocxojibxy co^ep'/Kanna 01 paccHHiaiibi H3 xhmhhcckhx cocTaBOB 
nyTCM PCHJCHHH o6paTHOH 3aaaHH. I le33BHCHMbIM nOJ|TBep}K,aC H H CM MOTJ1H 6bl CJiy>KHTb 
aaHHbie no HMxejno, o/waxo H3-3a npHcyrcTBHJi cyjib(|)HjiOB xoppejiHUHH Moxjiy 
KOHHeHTpauHefi 3Toro ojievteHTa h MOfleJibHbiM kojihhcctbom ojihbhh3 He Ha6jno.TaercH. 

AnajiorHHHbie pacnpejieaeiiHH noKaxaiibi ana Mojjejibiioro njiarHOKJia3a h rjiHH03eMa 
(pHc. 5.11). Ohh CBHacTejibCTByioT. mto KOJiHHecTBo KpHCTajiJiOB PI (npejuiojiojxHTejibHo 
HHTpaTejuiypHMecKHx), 3axBaneHHbix Ha hhwhcm c|)poHTe. Bapbnpyer ot 10 jio 30% b TaxcHrax 
h pe3xo nanaeT 2-5 % b nnxp Frax. 3to xopp eiHpyeT He Tojibxo c AI 2 O 3 , ho Tax>xc c 
pacnpejiejienHeM Sr, cojiepjxanHH xoToporo npH npoBeaenHH reoxHMHnecxoH repMOMerpHH ne 
yHHTbiBanHCb. IIojio6Hoe cooTBeTCTBHe mojkho y>xe paccMaTpHBaTb xax ne3aBHCHMi>iH 
xpHTcpHH, yxa3biBaiouiHH Ha npHcyrcTBHe panHHx xpHCTajuioB njiarHoxjia3a b hcxojihoh 
TannaxcxoH MarMe. 

He MeHee HHTepecHO conocTaBHTb tbojhohhio xojiHHecTBa xoMnjieMeHrapHoro 
MarMaTHHecxoro pacnnaBa. paccHHrainioro juia kujkjioh nopojibi 110 jiainibiM repMOMerpHH. h 
pacripejiejieHHe nexorepeHTHbix komhohchtob. 3th coothouichha noxa3aiibi Ha hhjkhhx 
rpa(])Hxax pnc. 5.11 w ia c|)occ|>opa. HrrpHfl. caMapna, jiaiiTana h Topna. .JJjia oGenx cxBa>i<HH 
OTMenaeTca conpa>xeHHoe chhjkchhc xojiHnecTBa pacnaaBa ot 70-85% b hhjkhch nacTH 
raxcmoB jio 45-50% b HHxpHTax. 3 to iioiiH/xeiiHe xopomo coniacyerca c pacnpejiejienHeM 
P 2 O 5 , Y, Sm. La h Th, coaep-vKaiiHa xoTopbix Tax>xe nonn/xaiOTca b 2-2.5 paja no nanpaBJieiiHio 
x BepxneH nacTH HHxpHTOBoro ropH30HTa. Hamibie no HexorepeiiTHbiM mh xpoojieM eiiTaM ;uia 
Hcnojib30BaHHoro no;ixo;ia aBJiaiorca He3aBHCHMbiMH. mto Tax>xe CBn/ieTCJibciByer o b3>khoh 
pOJIH lipOHOpUHH HCXOUHOIO paCHJiaBa H KpHCTajiJiOB B (|)OpMHpOBaHHH XHMH3M3 HHJKHHX 
npHKOHTaKTOBbIX 30H. 

OC)cy.)icdeHiie pe3y.’ibmamo6 

I IpejicTaBJieiuibie Moje.TbHbie riocTpoeHiia othocstck k HaHoojiee cjiojkho ycTpoeHHOH 
30He Tajmaxcxoro HHTpy3HBa - hhjkhhm ropH30HTa\i xoHTaxTOBbix. raxcHTOBbix h 
nHxpHTOBbix raoopo.iojiepHTOB. npoojieMbi oopasoBaiiHa xoTopbix aBJiaiorca npejiMeroM 



Taojinna 5.8. CocraB ncxoztHoro MarMaTHHecKoro paciuiaBa b cpaBHeHnn c cocraBaMH 
KOHTaKTOBbix raoopo-Ao.iepHTOB 1 ainaxcKoro MaccHBa h HexoTopbix 3(j)(j)y3HBHbix TpannoB 

ceBepo-3anaaa Chohpckoh njiaT(|)opMbi 



Ta-THaXCKHH HHTpy3HB 

Cpe/lHHe COCTaBbI 3(j)(J>y3HBHbIX 






TpannoB 

KoMno- 

Moaejibiibin 

pacnnaB 

KOHTaKTOBbie 

raoopo^ojiepHTbi 

MoponroBCKaa CBHTa 

FIjiaToSa^anbTbi 

FlyropaHa 

nenT 

npn 1200°C 
( n= 17) 

CpeaHHH 

COCTaB 

(n=2) 

CKB. K3- 

1799/ 

1341.9 

mri 

mr2 

(n=300) 


i 

2 

3 

4 

5 

6 

Si02 

49.44 (0.71) 

45.30 

48.57 

49.70 

49.10 

49.85 

Ti02 

1.20 (0.22) 

1.60 

1.21 

1.00 

1.14 

1.30 

A1203 

15.44 (0.46) 

14.32 

15.35 

15.80 

16.30 

15.53 

FeO 

11.43 (0.66) 

13.16 

12.63 

11.26 

11.26 

12.04 

MnO 

0.22 (0.02) 

0.20 

0.22 

0.17 

0.19 

0.19 

MgO 

8.06(0.19) 

7.99 

7.24 

7.31 

7.22 

7.30 

CaO 

11.53 (0.71) 

11.04 

10.40 

11.20 

11.20 

11.43 

Na20 

1.82 (0.26) 

2.02 

1.93 

1.80 

2.05 

1.93 

K20 

0.69 (0.22) 

0.86 

0.90 

0.33 

0.28 

0.29 

P205 

0.19(0.04) 

0.12 

0.15 

0.09 

0.11 

0.12 


npHMenaHHH: 1 - b CKo6icax cran/iapTHoe OTKjiOHeHHe (la). 2 - (J\ o^hh. BaryeB, 1971) 
(cm. Ta6ji. 1). 3-5 - no aaHHbiM (Geology and ore deposits of the Norilsk region, 1994): mri - 
rjioMeponop(|)npoBbie GaiajibTbi nn>KneMoponroBCKOH CBHTbi; inn - a(j)npoBbie 6a3ajibTbi 
BepxHeMopoHroBCKon CBHTbi; 6 - (HeciepeHKO h ap., 1991). Bee >Ke.Te30 b Bnzie FeO; cociaBbi 
HOpMHpOBaHbl Ha 100 Mac.%. 






















MuorojiexHHX /Ihckvcchh. 3rox HHTepec o6ycjiOB.ieH pyaooopasyiomeH poabto 3 xhx 
ropH30HTOB. Ha 3to yKa3biBaer pan nexpoaoro-reoaorHHecKHx naoaioaenHH. KOTopbie oobi'ino 
Bbi/iBHiaiorca b KanecxBe KOHTpapryineHTOB rHnoxe3 o6pa30BaHHa paccjioeHHOCXH MaccHBa, 
ocHOBaHHbix Ha m exaHH3Max KpHcxajuiH3auHOHHOH HH(J)(j)epeHUHaHHH. K hhm oxHocaxca: (1) 
HecooxBexcxBHe cocxaBOB KOHxaKxoBbix raoopo-aojiepHxoB cpc.xHeB3BeuicHHOM\ cocxaBy 
HHxpy3HBa, (2) "rio.xBeiiieiiHoe'’ noaoaceHHe nHKpHxoBbix ra66poaoaepnroB b pa3pe3e, (3) 
cjieabi “xeneHHa \iar\ibi" b nHKpHxoBbix ropH30Hxax. (4) pejxaa rpaHHua nHKpHxoBbix ra66po- 
aojiepuroB c Bbnueaea<amHMH ojihbuhobbimh raoGpo-aoaepMxaM h. (5) BbiKaniiMBaiiHe 
nHKpHxoBbix ropH30HXOB k (JinaHraM h c.xaoaa Koppc.xauHa hx molhhocxh c MomHocxbio 
mixpy3HBa b neaoM, (6) npnypoHeHHOcxb xaKcwxoBbix ra66po-aonepHroB k noaoniBe 
HHxpyxHBa. (7) HanHHHe xea “6ayacaaiomHx” aefiKora66po b pa3pe3e. a xaioxe HexaxoHOMepHoe 
yBejiHHeiiHe molhhocxh xaKCHrbix raoopoH.xoB k nepH(j)epHHecKH\i nacxaM Hnxpy3HBiioro reaa 
h x.a. 

HHxepnperaHHH 3xnx h mhothx apyrwx (|>aKX0B 6bi;m npeaaoaceHbi pa3HOo6pa3Hbie 
ninoxexbi, BKaionaioinHe: I. OaioHaHO-MarMaxHMecKoe paccaoeHHe c oGpaxoBanneM 
nHKpHxoBbix ropH30nroB H3 caMoexoaxeabHOfi riHKpHXOBofi MarMbi. o6oco6aennoH ox 
ochobhoh >iacxH ncxoaiioro MarMaxH'iecKoro pacnaaBa (PaooB h ap.. 2000): II. OxnocHxeabiio 
pawnee o6pa30BanHe xaKCHxoBbix raSopo-aoaepHxoB h aeiiKoiaoOpo. BcaeacxBHe 
onepeaoiomero BHeapciiHa b xaMepy oGoramemioH PI MarMaxHHecKOH B3BecH (JlnxaMCB. 1965. 
1978); III. Eoaee no3aHee ( j>o pM h po Ba h h e xaKCHxoBbix ropH30HXOB xax pexyabxax 
MarMaxHMecKoii h nocxMai MaxHwecKOH aeHKOKpaxH sanHM h cyai»(])ypH3anHH nopoa ochobhoh 
paccaoeiiiiOH cepnn (3oaoxyxHH. 1997); IV. Oopa30BaHHe xaKCHxoBbix raGopoaoaepnxoB rioa 
BoxaeHcxBHeM na ra66po-aHopHXbi xpancMarMaxHHecKHx (JjaionaoB (3 oxob. 1979. 1989) h 
HeKoxopbie apyrne. npHBeaeHHbie b 3xoh paooxe pe3yabxaxbi peKOHcxpyKUHH ycaoBHH 
oGpasoBanna xaKCHxoBbix h nHKpHxoBbix raGGpo-aoaepHioB. a raxace xhmhhcckhx h <|>a30Bbix 
xapaKxepHCXHK xaanaxcKOH \iarMbi. aaiox KapxHiiy coraacoBaimoro pemenna Goabixien aacxH 
nocxaBaeHHbix BonpocoB b pavixax KoimeiiuHH rexepoieiniocxH Hcxoanon MaiMaxHwecKOH 
CHCxeMbi c ynexoM copxnpoBKH h aKKyMvaanHH HHxpaxeaaypH i iecKoro MaxepHaaa. 

K raaBHbiM pe3yabraraM npoBeaeHHoro anaaHja mo>kho oxhccxh xopomee 
cooxBexcxBHe (b npeaeaax xohhocxh Mexoaa) cocxaBa KOHxaxxoBbix ra66po-aoaepHxoB h 
noayHenHoro poaonaHaabHoro pacnaaBa (xa6a. 5.8. 5.9). 3xo oocxoaxeabcxBO 

CBHaexeabcxByex o peaaHCXHHHOcxn HauiHX nocxpoeHHH. nocKoabKy ao nacroamero BpeMeHH 
cocxaB KOHxaicroBbix 30H He noavnaa aoaacHoro reHexHnecKoro xoaxoBaHHa. Mo>kho 
npeanoao>KHXb, hxo ne3HaHHxeabnoe KoaHHecxBO HiixpaxeaaypHHecKHx BKpanaennHKOB b 3xhx 
riopoaax CBH3ano c H3BecxHbi\t 3(|x|)eKxo.M oxacHMa KpnexaaaoB ox KOHxaxxoBbix 30H ripix 



TeneHHH h 3anojiHeHHH MarMOH hhtpv3hbhoh KaMepbi (Naslund. McBirney. 1996; LLlapanoB n 
np.. 1997). B nnaHe pernoHanbHoro \iar.\iaTH3Ma hcxoahuh MarMaTHnecKHH pacnjiaB HMeeT 
THnHMHbiH TOJieHTOBbiH cocTaB. oTBCMaiomnn HccKo.ibKo ooorauxcHHbiM K 2 O (J)eppo6a3ajibTaM. 
CpaBHeHHe no rjraBHbiM KOMriOHemaM c 3(j)(|)V3HBHbiMH TpannaMH Hopujibcxoro panoHa 
CBM^eiejibCTByeT o ero cxoncTBe c o6pa30BaiiH5iMH no3^nero 3Tana ByjiKaHH3Ma CnonpcKon 
nJiaT(J)Op\ibI, 6jIH3KHMH MQTKJiy C 060 R no XHMHHeCKOMy COCTaBV. OCOGCHHO C a(j)HpOBbIMH H 
rjiOMeponop(J)HpoBbi\iH 6a3ajibTa\in MOKynaeBCKOH CBHTbi (mk| h mk2, cooTBeTCTBcimo. Bonee 
KOppeKTHbIM, nO-BH^HMOMMy, HBJIfleTCM COnOCTaBJieHHC HMCHHO C a(j)HpOBbIMH pa3HOCTHMH, 
nocKOJibKy Mbi cpaHHBaeM tojibko cocraB pacruiaBa (a lie MarMbi b uejiOM), xoth onn n Menee 
Mamc3HajibHee, i ie.\i rnoMeponopiJinpoBbie 6a3ajibTbi. OnpeneJieHHbin HHTepec MoaceT 
ripejicTaBjiHTb Taoce omnocTb cociaBa ncxonnoro pacnjiaBa k cpe^neiwy cocTaBy 6a3a;ibTOB 
nnaTo IlyTopaHa. no oG^eMy H3Bep>KCHHoro MaTcpnajia cocTaBjunomnx cBbiuie 90% 
njiaTo6a3ajibTOB ChGhpckoh njiaT(|)op\ibi (HecTepenKo n /ip., 1991) (raGji. 5.8). 

/Ipyron BajKHbin pe3y.ibTaT KacaeTca mnanajibno kotckthmcckoh (Oh PI) npnponbi 
TarmaxcKOH MarMbi. 3ra n/xea ne noBa - najiunne nporoBbijiejieimn njiarnoKjma n ojiHBmia b 
T annaxcKon Marae oTMCMajiocb eme M.A.KopoBHKOBbiM (1963). B.A.OjicnnnKOBbiM (1979), 
B.B.3ojiOTyxnnbiM c KOJineraMH (1975. 1997) w .up. OjiHaKo nan 6 ojiee Aerajibno n 
nocjieaoBaTejibno 3 tot Bonpoc paccMorpen b paGorax A.II.JInxaMeBa (1965, 1977, 1997), 
koto pbin raK>Ke upmneji k BbiBO/xy o Bne;ipennn b KaMepv MarMbi, nacbimennon Ol w PL I Ipn 
3 tom zionycKaeTCfl, mto i paBu raunonnoe pajneneime MnnepanoB npoH3omjio y>Ke npn non'beMe 
MarMbi k noBcpxHocTH. Tax mto b KaMepy cnanajia nocTynana cymecTBcnno “njiarnoKjia30Ba« 
Kama", nojrrajiKHBaeMaa h orron«eMa« k nepH(|)epnn MaccnBa ochobhmm oG'beMOM pacnjiaBa, 
oGoramcHHoro ojihbhhom. B paMKax 3Ton rnnoTe3bi TaKCHTOBbie raGGpo-nojiepmbi n 
jienKoraGGpo abjibiotcb pamiHMH nopnnHMH, mto oG^HCHHer nx npHnoiniyio no3HUHio n 
oGnapy>Kenne b bv\jxc “GjiyxcaaiomHx' Ten cpenn ocTajibnbix raGGpo-nonepHTOB. Pe3yjibTaTbi 
rCOXHMHMCCKOH TCpMOMCTpHH HC IipOTHBOpCMaT 3TOH KOTCKTHMCCKOH HHTepiIpCTaUHH, HO 
noKa3biBaioT, mto b cpe/meM TanHaxcKaa MarMa conep>Kajia nopnnKa 3% HHTpaTejuiypHMecKoro 
PI ( iaGii 5.9). 3ra onenna aojimia GbiTb KaK-To cornacoBana c kojimmcctbom nenKoraGGponnoB. 
HepaBHOMepHo pacnpenejieHHbix b ooteMe Ta-maxcKoro HHTpy3HBa. 

/laHHbie 3BM-MonejinpoBaHHfl (|)a30Bbix paBHOBecnn yKa3biBaiOT Ha B03M0>KH0CTb 
oGpa30BaHH« nnKpnTOBbix n TaKCHTOBbix raGGpo-nonepuTOB H3 ejiHHoro pacnjiaBa. 3 to 
oGbHCHHer cpa3y HecKonbKO reojiornMecKHX (j)aicroB. Bo-nepBbix. cnenbi reMenna b 
nnKpnTOBOM ropn30HTe h ero BbiKjiHHHBaHiie b nepn(j)epHMecKHx MacTnx h MecTax cy>KennH 
HHTpy3HBa MO>KHO oGl>flCHHTb KaK pe3VJIbTaT CKOnjICHHfl Gojiee n.TOTHblX HHTpaTeJIJiypHMCCKHX 



BKpaiuieHHHKOB Ol b niv6oKHx. KHJiCBkix 30Hax HHrpy3HBa. HepaBHO\iepHoe pacnpeziejieHHe 
3THX KpHCTaJlJIOB 06 yCJI 0 BJIHBaeT BHVTpeHHHe FieO^HOpOAHOCTH IlHKpHTOBOrO ropH30HTa, a 


Ta6jiHua 5. 9. Xhmhhcckhc h (J>a30Bbie xapaKTepHCTHKH hcxootoh MarMbi TajiHaxcKoro 

nHTpy3HBa no AaHHbiM 3BM-Mo / aejinpoBaHHfl 


KoMnoHeHT 

1 

2 

3 

CocTaB HcxoaHoro pacn.iaBa npw 1200°C. iuac.% 

Si02 

48.75 

48.98 

50.08 

Ti02 

1.30 

0.95 

1.00 

A1203 

15.42 

15.74 

15.88 

FeO 

12.00 

12.35 

10.94 

MnO 

0.22 

0.19 

0.20 

MgO 

7.94 

7.91 

7.81 

CaO 

11.43 

11.01 

10.90 

Na20 

2.16 

1.99 

2.25 

K20 

0.65 

0.64 

0.74 

P205 

0.14 

0.22 

0.21 

OaioBbiH cocraB hcxozuiom Marvibi. Mac.% 


PacnjiaB 

86.0 

89.2 

88.5 

01 

11.3 (Fo80.3) 

7.0 (Fo79.8) 

8.6 (Fo81.8) 

PI 

2.7 (An78.1) 

3.8 (An80.1) 

2.9 (An78.5) 

Ol+PI 

14.0 

10.8 

■ 

11.5 


npHMenaHHa: 1-3 - oTBenaioT pa3JiHHHbiM BapnaHTaM cpe.nHeB3BeiijeHHoro cocTaBa 
TajiHaxcKoro HHTpy3HBa (Taon. 5.7); Ol+PI - oomaa jx ojih HHrpaTejiiiypnHecKHx 
BKpanjiemiHKOB b momcht BHe^penna. 


pe3Kyfo rpaHHixv c 3ajieraK>mH\iH Bbiuic o.ihbhhobbimh raoopo-^oncpHTaMH cctcctbchho 
HHTepnpeTHpoBaTb KaK cjiencTBne npaKTnnecKH tiojihoh OTca^KH nHTpaTe-Liypn mcckoh (|>a3bi. 







3aecb ctoht HanoMHHTb, hto BnepBbie pe3xnn xapaicrep BepxHen rpaHHUbi rraxpHTOBbix 
raGGpo-aoaepnroB 6biJi noavnen Meroao.M npavioro MoaeanpoBanna BuyipHR'aMcpiioH 
ilH(|)({)epeHUHauHH TaanaxcxoH MarMbi no xoHBexnnoHHO-xyMyaanHOHHOMy MexaHH3My 

(/iHenpoBCKaa n ap., 1987). 

M. HaKOHeu. oahh H3 HanGoaee ancxyrapyeMbix BonpocoB - o npocTpaHCTBeHHOM 
pacnono/KeiiHM TaxcHTOBbix n nnxpHroBbix raGGpo-aoaepnroB. Tot (jraxr, hto o6orameHHbie 01 
Goaee naorabie nHxpmoBbie nopoabi 3aaeraiOT Haa MeHee naoTHbiMH raxcnraMH no3BoaaeT 
roBopnTb o Kaacymenca “noaBeiueHHocTH" 3Toro ropn30HTa b cMbicae rnapoaHHaMHHecKon 
HCyCTOHHHBOCTH CHCTCMbl (3oaOTyXHH. 1997). 3aCCb MOIXHO 33MeTHTb. HTO HaJlHHHC 30HbI 
oGorameHHa MgO no iiaiipaBjieHHio BBepx or rnwHero xomaxra (rax Ha3biBaeMbifi S- 
oopaTHbin npo(|)niib) aBaaerca caeacTBneM BoipacTaHna crcneHH HaKonaenna oceaatoinnx 
xpHcraaaoB ojiHBnua na (jxine BcrpeHiioro aBH>xeHHa HHJXiiero (j)ponra xpHcraaaH3anHH 
(Marsh. 1989; Jaupart. Tait, 1995) n HaoaioaaeTca bo mhothx anclxjiepeHnHpoBaHnbix MaccnBax 
ocuoBHoro cocTaBa. /lamibie MoaeanpoBanna aHHaMHxn 3Toro ripouecca noxa3biBaior, hto 
naxonaeime Ol cunny BBepx npoaBaaeTca xax peayabraT 3a\ieaaeHHa cxopocTH npoaBnwenHa 
3toto ([iponra rio \iepe yaaaeHHa xoHTaxTa (BcaeacTBHe noHtoxeHHa renaoBoro noToxa H3 
ninpyjHBHOH KaMepbi) (<t>peiixeab n ap.. 1988). C othm bi>i BoaoM noanocTbio coraacyiorca 
aanHbic reoxHMHHccKon tcpmomctphh. yxa3biBaiomne Ha yBcaH'icHHc aoaH xyMyaaTHBiioro Ol 
H PI BBepx OT HH)KHerO KOHTaKTa. OaHOBpCMCHHO noaVHHa KOaHHeCTBCHliyiO HUTCpnpCTaUHK) 

H3BecTHbiH npo(J)Hab pacripeaeaeHHfl HexorepeHimix KOMnoHeHTOB (P. Ti. K. Na. Y. La. Sm, 
Th) no pa3pe3y TajmaxcKoro HinpyanBa c neGoabinHM MHiiHMyMOM b BepxHen nacTH 
TaxcHTOBbix ra66po-aoaepHTOB (pnc. 5.11). Ho aaHHWM p caieTOB 3tot MHHHMyM 
oooTBeTCTByeT MHHHMaabHon aoae ncxoaHofi ManviaTHHecKOH }xnaxocTn. IIoaoGiibie 
cooTHomeHHa, xax HaM npeacTaBaaeTca. aocTaTOHHO oneBHaHbi. oaHaxo b reHeTHHecxnx 
iiocrpoeHHax apyi'Hx aBropOB ao CHX nop He paccMarpHBaaHCb. 

CpciGHemie c daHHbiMU mepMOMempunecKue ucc.iedoemuu. PaccHHTaiinaa TeMnepaTypa 
HcxoanoH raimaxcxoH MarMbi (7'=1200°C) cyuxecTBenno OTaHHaeTca ot ouenox. noayHeinibix 
aaa apyrwx HHTpy3HBOB nopHabcxoro rana MeToaoxi roMoreHH3auHH pacnaaBHbix BxaioHeHHH. 
B HacTHocrH. no aaHHbiM HccaeaoBanHH BxaioHeHHH b impoxcenax h naaiHoxaasax H3 nopoa 
MaccHBOB Hopnabcx-1 n HepHoropcxnn ycTaHOBaeH HHTepBaa 1200-1275°C (ByaraxoBa. 1971). 
na ocnoBaiinn xoToporo napaMeTpbi BHeapeHna ncxoaHbix MarM OTneceHbi x 6 oaee BbicoxnM 
TeMnepaTypaxi 1300-1350°C (3oaoTyxnH n ap.. 1975). Ban3xne pe3yabTaTbi npeacTaBaeHbi aaa 
\iarHe3HajibHbix 6a3HTOB panoHa oaccenna Cvxaa BaxTa. xoTa Te\mepaTypbi roMoreHH3annH 
BxaioHeHHH b PI 3aecb 3naHHTeabHo nnace - 1180-1200°C (Marne3naabiibie Gain™.... 1984). 
SxcriepHMeHraabHbie HccaeaoBanna pacnaaBHbix BxaioHeHHH b MHHepaaax nopoa 



TajmaxcKoro HHTpy3HBa yKaibiBaiOT na TeMnepaTypbi KpHCTaiuiH3aHHH Aug 1110-1140°C h 
njiarHOKJia30B 1120-1170°C (BopuermeB. 1978), Korapbie He npoTHBopenaT pe3yjibTaiaM 
MOHeJIHpOBailHH (J)a30BbIX paBHOBeCHH TaKCHTOBbIX H nHKpHTOBbIX ra66pO-,HOJiepHTOB. O^HaKO 
npH 3TOM OCTaeTCH OTKpbITbIM BOnpOC O TOM. K3KHC CT3JIHH 3aTBCpaeBaHH5I “KpHCTaJIJIHHCCKOH 
KauiH” xapaicrepH3yK)T ^aHHbie TeMnepaTypbi roMoremmuHH. C ho3huhh npOBeaeHHoro naMH 
anajiHia h oueiiemioH TeMnepaTypbi ncxoaHon MarMbi 1200°C nx caeayeT OTiiecTH k 
OTHOCHT eabHO innKoreMnepaTypnoMy nocTKyMyjiycHOMy 3Tany (|)opMHpoBanna 
MarMaranecKOH nopoabi. 

B 3aKjiK) i ieHne, caeayeT ynoMHHyTb o nonbiTKax npHMCHeHHa reoTepMOMCTpoB 
MHHepan-pacnjiaB jyvi oueiiKH TeMiiepaTyp KpncTanjiH3auHH no K03(J)(|)HuneiiTaM 
paciipe/iejiennH iierporeHHbix OKCHaoB. /laa pemeHna 3 toh 3aaann o6biHHO Hcnojib30BajiHCb 
ypaBHeHHH paBHOBecna ju ia ojiHBHHa (Roeder, Emslie, 1970; IlepnyK. BaranoB, 1978): 

log Ky = A /T + B. T = A /(log K'y - B) . (4) 

me / - MgO hjih FcO. a pacMCT h AT'"'/ npoBOAHJica Ha ochob3hhh aaHHbix rio 

coc raBaM KpHCTaanoB 01 h BKjnoHaioiiiHX hx nopoa ( K'"~' = X'/' / X"" n ). 

llpn 3 tom aonycicajiocb, hto BanoBbifi cocTaB nopoabi annpoKCHMHpyeT cocTaB 
MarMaTHHecKoro pacnaaBa, H3 KOToporo 3 tot ojihbhh KpHCTajunnoBaaca. B nacroamee BpeMa 
neT iieo6xo;iHMocrn aeTanbiio pa3i>acnaib. hto noaoonoe ynpomenne npuBoaHT k cnjibno 
3aBbiujeHHbiM 3Ha i ieHHHM pacHenibix TeMiiepaTyp. xoropbie npn o;ihom n tom >kc cocraBe Ol 
B03pacTaiOT no Mepe yBeaHHenna aoan KyMyjiBTH biioto Marepnaaa b KoiiKpemoM oGpaine. cm. 
yp. (4). B nacTHocTH. aJia nmcpHTOBbix raoopoaonepHTOB npuBoanancb ouchkh 7>1400°C. 
KOTOpbie C 3HTy3Ha3MOM HCn0Jlb30BaJIH CTOpOHHHKH JIHKBaHHOHHOIO reHe3HCa 3THX 
BbicoKOMame3HajibHbix nopoa. Boaee ooocHOBaHHbin noaxoa BKjnonaeT ncnojib30BanHe 
cpe;uieB3Bememibix cocraBOB ninpyjHBiibix re;i b xanecTBe Moaean hcxoahoh MarMamnecKOH 
>kh;ikocth n aacT TeMnepaTypbi oopa30BaHH5i pa3JiHHHbix .aH(J)(|)cpeHHHaTOB 1200-1300°C 
(Mame3HaabHbie 6a3HTbi....l984). OaHaxo n b 3tom cjiynae BejiHKa BepoaTHocrb nepeoneHKn 
TeMnepaTvp KpHCTaruiHiamiH. ecjin HHTpy3HBHaa MarMa ne npe.acTaB.ia.ia neperpeTyio 
)KHaKOCTb. 

ripeacTaBjieHHbin hbmh mgtojx peKOHCTpyiaiHH ycjioBHH oopa30BaHna Tamaxcioix 
nopoa Taoce ocHOBaH Ha ncnoab30BaHHH reoTepMOMeTpOB MHHepaa-pacnaaB. cocTaBaaioiaHx 
3MnnpHHecKHH Gainc 3BM-Moae.m KOMAFMAT. B 3 tom CMbicae on nacaeayeT w pa3BHBaeT 
TpaaHUHOHHbie npnHUHnbi repMOMerpnH 4>a30Bbix paBHOBecnn. OaHaKO b OTjiHHHe or apyrnx 
noaxoaoB ne ToeoveT anonoDHon noHBaiKH k cocTaBaM MHneoajioB h no3BoaaeT 



HHTepnpeTHpoBaTb Mnoro({)a3Hbie pacnjiaBHO-MHHepajibHbie accouHauHH b KOMruieKce 
HCXO^HblX HHTeHCHBHbIX (TCMnepaTypa. COCTaBbl) H 3KCTeHCHBHbIX (nponopUHH (J)a3) 
napaMeTpoB. 

TaKHM oopa30M, Ha ochobc \ieTOZia rcox hmh hcc ko h TepMOMeTpHH c Hcnojib30BaHHeM 
3BM-MO.ae.riH KOMArMAT nojiyneHbi ouchkh (|ia30Bbix h xhmhhcckhx napaMerpoB hcxo^hoh 
M arMbi TanHaxcKoro HHTpy3HBa h pacn.iaBHo-KpHCTa.xiHHecKHx CMecefi, H3 KOTopbix 
(|)0pMHpOBailHCb TaKCHTOBbie H FIHKpHTOBbie raOOpO-AOJiepHTbl HHHCHefi 30HbI MaCCHBa. 3 th 
pe3yjibTaTbi \Ka3biBaiOT Ha kotckthhcckvio ( Ol+Pl) npupo^y TajiHaxcKOH MarMbi. KOTopaa 
BHe/ipHjiacb npn TeMnepaType okojio 1200°C h coaepwajia 10-15% HHTpaTejuiypHMecKHx 
BKpanJien hhkob. cpe;iH KOTopbix npeoojia^aji Ol Fogo ± 1.0 (7-11%), . CociaB hcxo^hoio 
M arMaTHnecKoro pacnjiaBa (>kh/ikoh nacrH MarMbi) OTBenaer mneHTOBbiM (|ieppo6a3ajibTaM c 
HecKOjibKo riOBbimeHHbiM co,ncp>KaHHeM MgO (-8 Mac.%) h K 2 O (-0.7 Mac.%) no cpaBHCHHio 
c “HopMajibHbiMH" TpannaMH Ch6hpckoh naaT(J)opMbi. hmch MaxcHMajibHoc cxo^ctbo c 
o6pa30BanHHMH no3;uiero 3Tana ByjiKaHH3Ma (c 6a3ajibiaM MoponroBCKofi n m oKy ji ae bcko h 
CBHT). 06oCHOBaH BbIBOA O IipOHCXO>K^eHHH TaKCHTOBbIX H IIHKpHTOBbIX ra66pO-^OJiepHTOB H3 
eziHHOH hcxo^hoh MarMbi TOJienroBoro THiia. cocraB >kh;ikoh nacra KOTopow xopomo 
annpoKCHMHpyiOT KoiuaKTOBbie ra66po-^onepnTbi. nojiyneHHaa TeMriepaTvpa KpHCTajuiHiaunn 
6jiH3Ka k TCMiieparypaM roMoreHH3auHH paciuiaBHbix bkjhomchhh (1180-1210°C). Oie/iyer 
iio,a i iepKHyTb, hto cxoactbo nojiyHeiio TOJibKO /uih cocraBOB pacruiaBOB, a b nejioM cocraB 
MarMbi (paciuiaB + m + TBep;ia« (|)a3a), c(|)opMHpoBaBinen HurpyiHB, 6 mji 6ojiee 
Marne3HanbHbiM. neM hcxo/uioh MarMbi jv ih BbimeiiaiBamibix cbht. 

BblBOflbl 

Mo ziamibiM H3y i ieiiHH Ba.ioBoro cociaBa nopo,a. pacn.iaBHbix bkjhohchhh b painmx 
JIHKBHJiyCHbIX (|)a3ax (OJIMBHHaX H IlHpOKCCHax) H MaTCMaTHHCCKOMV MO^CJinpOBaHHK) (MeTOil 
reoxHMHnecKOH TcpMOMerpH h) ycTaHOBJieHO, hto HCXonHbie MarMbi, c(|)opMHpoBaBLUHe 
pyaonociibie HHTpy3HBbi, oTBenaiH TOJienTOBbiM (j)eppooa3ajibTaM c co.aep}KaHHeM MgO = 8 
Mac.%, xapaKTepH30BajiHCb KopoBbiMH cneKTpaMH pacnpe;re.rieHHfl peaKHx 3 jicmchtob (TariTaji- 
HHo6neBa5i h CBHHiioBaa aHOMajinn), riOBbinieHHbiMH kohuchT pannaMH pejiKHx 3 jicmchtob h 
BO iHio-yrjieKHCjibiM cocTaBO m (|)jiioH.aa (0 5 Mac. % BOiibi. 0.2 xjiop an 002 (|)Top c) h ne 
cojiep>KajiH noBbiuieHHbix KOHueHTpaunn iiBeTHbix MeTajuioB. B pacnnaBe co^ep^cajiocb jx o 10- 
15 KpHCTajuiHHecKOH cj)a3bi - ojiHBHHa h njiarnoicia3a. 



rJIABA 6. XhmHH ecKHH h \nme|)a.n>m>m cocTae pyn iviecTopo/K/ieHHH 
HopmibCKoro pyflHoro y3Jia 

Ilpn aHanH3e cocTaBOB pacnjiaBOB pyAOHOCHbix hhtpv3hbob Hapaay c paccMOTpennbiM 
BblUie BOnpOCOM O CBA3H reOXHMHHeCKHX OCOOeHHOCTeH HHTPV3HBOB C MaCUITa 60 M Opy^eHeHHfl 
(rjiaBa 3). B03HHKaeT eCTeCTBCHHblH Bonpoc O HaJIHHHH HAH OTCyTCTBHH KOppejlHUHH MOKAy 
cocTaBOM nopoA h xhmhhcckhm h MHHcpajibHbiM cocTaBOM 3aKJiK)HCHHbix b hhx pyA. I IcpeAKO 
Pt/Pd, Ni/Cu h Apyrne otholuchha MeTajuiOB b pyAax paccMaTpHBaiOTCA kuk orpaweHne 
HexoAHoro cocTaBa \iar\f pvAonocnbix KOMnAeKCOB. oco6enno hx Manie3HajibnocTH. 

MHoroHHCAeHHbie pa6oTbi nocBAmeHbi pyAa.M HopnAbCKoro panoHa. ho npeHMymecTBeHHO 
l anaxcKoro pyAHoro y3Jia (ByAbKo, KyjiaroB, 1966; Fchkhh. 1968: BerH30B. 1977; Fchkhh h Ap., 
1981; EBCTHi HeeBa, Fchkhh, 1990; EBCTHmeeBa, OnAHMOHOBa. 1991),Mbi peniHAH nonbiTaTbCA 
oTBeTHTb na 3 tot Bonpoc na npHMepe Mecropo/KAeiiHH HopHAbCKOro pyAHoro y3Jia. KOTopbie 
ABAAIOTCA HaHMCHCC H3y i ICHHbIMH no CpaBHCHHIO C anaJIOrHHJlblMH OObCKTaMH raAHaXCKOm 
pyAHoro ysjia. 

^AA 3THX UeACH BbHIOAHCHbl ACTaJIbHbIC HCCACAOBaHHA nopOA H pyA MCCTOpO>KACHHH 
HopHjibK 1, 10>KHoe h CeBepnoe MacAOBCKoe, MepnoropcKoe (pnc.6.1). CpaBiurreAbiibiH anajiH3 
cpeAHeB3BemeHHbix cocTaBOB nopoA h BKpanAemibix pyA npoBeAen aaa onopubix CKBaacHH 
MCCTopo>KACHHH I lopnAbCKoro pyAHoro y3Jia: OM-4 h OM-24 MacAOBCKoro mcctopo>kachha, 
BCKpblBaiOIUHe HHTpy iHBHbie nopOAbl MaKCHMaJlbHOH MOUIHOCTH (3 8 Oh 4 2) m) B CCBCp 10 H H 
IO>KHOH MaCTAX COOTBeTCTBCHHO, H MC-3 1 MCCTOpO>KACHHA I IopHAbCK 1 H M-55 AAA 
Mepnoi opcKoro m ecTO po>kachha . J\o iianajia 3Toro conocTaBAeiiHA AaercA xapaKrepncmKa nopoA 
H pyA MaCAOBCKOrO MCCTOpOWACHHA H AOKa3bIBaCTCA, MTO OHO COCTOHT H3 AByX pa3HbIX 
HiiTpy3HBHbix Ten. xapaKTepHiyiouiHXca cbohmh ocoochhoctamh. 3to MecTopo/KAeime abaactca 
oahhm H3 HanGoace nepcncKTHBHbix b \inpc b HacTOAmee BpeviA (Green. 2010). 

MacnoecKoe Mecmopojfcdenue 

MacnoBCKoe \iecTopo)KAeHHe coctoht H3 AByx MacTen - ceBepHOH h k»khoh, - hmcioiuhx 
nenpaBHAbiiyio (|)op\iy (puc. 6.2). B ceBepo-3anaAHoii h uenTpanbHOH nacTAx Ka>i<Aon hj hhx 
(cKBa>KHHbi OM-4 h OM-24) h ao a K)AacTc a BopoHKooopa3Hoe yBeAHHeHHe moluhocth HHTpy3HBa 
AO 268 H 412 M COOTBeTCTBCHHO. 

B CTpoeiiHH \iaccHBa no ckb. OM-4 bwacaaiotca 6e30AHBHH0Bbie, oAHBHHcoAep>KaiuHe 
noHKHAoo^)HTOBbie, TpoKTOAHTOBbie h nHKpHTOBbie raoopo-AonepnTbi. cMenAiomne Apyr Apyra 
CBepxy bhh3 no pa3pe3y. CneAyeT otmcthtb oneHb cnaooe pacnpocTpaHeHHe TaxcnTOBbix ra66po- 
AOAepn roB b hh>khch nacTH HHrpy3HBa. TaKCHTH3aiiHA nopoA npOABAeHa oneHb AOKaAbHO, b bhac 
MeAKHX nATen b hhvKiich nacTH nnKpnTOBbix raoopo-AonepHTOB. Otahh htca bnon ocooemiocTbio 



IIHyKHett HaCTH paipeia HBJIfleTCfl npHCJTCTBHe oo.lbllioro KOJIHHeCTBa npOHCHJIKOB, BbinOJIHeHHbIX 
cyjib(J)H^aMH, noKpbiTbix rnnpooKHCJiaxiH >Kene3a. a Taioice CHJibHoe o>Kejie3HeHHe npaKTnnecKH 
Bcero ropH30HTa nHKpHTOBbix ra66po-AO-iepHTOB. 



Phc. 6.1. reojiorHMecKaa KapTa HopHJibCKOH Myjibflbi (cocTaBH.i B.A.TeTepK)k\ 2003, no 
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YcjiOBHbie o6o3HaHeHHa: 1-5 - ByaKaHoreHHbie nopoabi HH)KHero xpnaca, cbhtm: 1- 
m oKyjiae bckeh. 2 - MoponroBCKasi, 3 - fiepacMaeiiemibie tv kji o h cKaH-naae >k;ihh ci<aa . 4 - 
xaKaHMaHCKaa, 5 — HepacnaeHeHHbie cbiBepMHHCKaa-ryaHHXHHCKaa, 6- TpaxHGaxaabTbi 

HBaKHHCKOH CBHTbi; 7 - TeppnreHHbie nopoabi TyHryccKon cepHH. 8-9 - reppnreHHO-Kap6oHaTHbie 
OTao)KeHHfl c npocaoflMH cojiefi h 3HrnapnT0B: 8 - aeBOHCKHe. 9 - CHnypnilcKHe; 

10-16 - HiixpyxHBHbie nopoabi, KOMnaeKCbi: 10-aaaabiKancKHn, 11-15 nopnabCKHn, xnnbi: 11 - 
MoponroBCKHH, 12 - 3y6oBCKHH, 13 - HH)KHeTajiHaxcKHH, 14 - KpyraoropcKHH, 15 - HopnabCKHH; 
16 - epraaaxcKHH; 17 - KOHTypbi pacnpocTpaHeHHfl HHTpy3HBHbix nopoa HopnabCKa 1 Ha 
rayGnHc, 18 - reoaornnecKHe rpaHnubi. 19 - pa3pbiBHbie HapyineHnsi, 20 - HHTpy3HBbi (1 - 
HopHjibCK 1,2- HopwabCK 2, 3 - MepHoropcKnii), 21 - KOHTyp MacaoBCKoro MecropowaenHH. 

Bccro no HHTpy3HBHon nacTH pa3pe3a. BCKpbuoro ckb8>khhoh OM-4. oTo6paHO 107 
o6pa3noB (pnc.6.3). IlanGonee aeTaabHo onpo6oBanbi Bepxnafl h nn>KHfla 3HaoKOHTaKTOBbie 30Hbi 
Hnrpy3HBa. coaepwamne cyab(|)HaHyio MHHepaaH3auwo - ot6op o6pa3noB ocyinecrBjieH b 
cpeanevi nepei 0,8 - 1,0 m. /(aa neurpajibiioH. Goaee oanopoanoH no cocTaBy nacTH MaccHBa, 
HHTcpBaa oiGopa yBcaHMCH h cociaBaaeT b cpeaHeM 4.0 -5.0 m. lOaoiaa >iacTb Mccxopoacaennfl 
H3y i iCHa rio CKBaaomaM OM-20, OM-24 h OM-25. B xawecTBe oriopHon aJia xtoh i iacxH 
MecTopo>i<aeHnfl Bbi6pana ckb. OM-24 . B BepTHKaabHOM paapcse MaccnBa 3aecb oTMenaioTca 
cBepxy bhh3 ra66po-aHopHTbi (npH3MamHecKH-3epHncTbie), oaHBHHcoaeparatune, oanBHHOBbie, 
iiHKpnroBbie h TaKCHTOBbie raGGpo-aoaepnxbi. OTaHMHTeabHon oco6eiinocTbio aannoro paipe3a 
aBaaeTca naaHHHe moihhoh 30Hbi raoopo-aHopHTOB (120 m). npHcyTCTBne KpynH03cpnHCTbix 
raoOponaoB b BcpxHen nacTH pa3pe3a. oGorameHHbix THTanoMarHexHTOM. - (j)cpporaGGpo. 
HeGoabinaa MoinHocrb (no cpaBHeHHto c oGmen MomHOCTbio HHTpy3HBHbix nopoa) riHKpHTOBbix 
laoopo-zioaepnroB. CymecTBeimaa aoaa aenKOKparoHbix nopoa b Bepxnen Hacrn paipeia 
MHTpy3HBa cGanacaeT ero c pa3pe30M TaaHaxcKoro HHTpy3HBa, BCKpbiToro ckb. OYr-2. 
HeoGbiMHon wepTon aaimoro paapeja aBaaeTca npHcyTCTBne b pa3pe3e oaHBHiicoaepwamnx 
ra66po-aoaepnxoB h rinpoKceHHTOB. b KOTopbix BcrpenaiOTca naHMop(j)Hbie KpncTaiiabi 
iinpoKcena. Bcero rio pajpe3y HiiTpyiHBiioro Teaa no ckb. OM-24 OToGpaiio 187 oGpaiuoB. 
HanGoaee aeiaabHO (nepe3 1,0-1,5 m) onpoGoBaHbi nnKpHTOBbie raGGpo-aoaepnTbi c cyab(|)naHon 
MHHepaaH3anneH. 




Phc. 6.2. CxeMa H3onaxHT HHTpy3HBHbix nopon MacjioBCKoro MecTopo>KAeHH» (no 
MaTepnajiaM OOO «HopnjibCKreojiorHH», 2006). OGBe^eiibi H3yHeHHbie CKBaacHHbi. I-I -jihhhh 

pa3pe30B 


CTpOCHHC nepH(J)CpHHCCKHX MaCTCH CCBCpHOH H K)>KHOH BCTBCH MCCTOpOK^CHHa 6bIJI0 
H3yneHO no CKBa>KHHa\i OM-3 h OM-25 coorBercTBeHHO. Ohm H.weiOT npHHUHnnajibHO pa3Hoe 
CTpoeHne. Ano(J)H3a, BCKpbiTaa CKBaacnHOH OM-3, MomnocTbio 12 m, cjio>Kena MaccwBHbiMH 







ojiHBHiico ( nep>KamHMH raoopo-aoaepnxaMH, onenb Bbiaep/KamibiMH no cocTaBy h cxpvKxypno- 
TeKCTVpHblM OCOOeHHOCXflM. B 3H^OKOHTaKTOBbIX H3CTHX 3CpHHCTOCTb nopoa yMCHblHaeXCfl. 
Cyjib^n^Hbie MHHepajibi He o6HapyxceHbi. nepH(j)epHHecKHH chjiji k»khoh BexBH, 

BCKpbiTbin ckb. OM-25, HMeex pacc.ioeHHoe cxpoenne. oxpa>Kaioinee b MHiiwaxiope cxpoenne 
ueHTpajibHofi nacTH pa3pe3a: b BepxHefi ero Mac™ npncyxcxByiox jieHKora66po, CMenfliomnecH 
BIIH3 nOHKHJIOO(j)HTOBbIMH OJIHBHHCO^ep'A'aiUHMH H OJIHBHHOBbIMH raOOpO-aonepHXaMH. 

OcoOeuHoemu xumuhcckopo cocmaea nopod Mucjiogckopo Mecmopootcdenm 

Rjih HCCJieaoBaiiHH cocTaBOB nopoa Gbinn Bbiopanbi caMbie rayooKne CKBaxcnHbi ceBepnon 
(OM-4) h k»khoh (OM-24) nacxen MecxopoxcaeHHfl. no hhm 6 bian npoaHajin3HpoBaHbi ocHOBHbie 
paiHOBHanocTH nopoa na raaBiibie h peaKHe 3aeMenxbi (Ta6ji. 6.1, 6.2, Krivolutskaya et al., 
2012 1 ). Kan cKa3aHo b FIpnaowemiH 1, noaroxoBKa nopoa k HccaeaoBaHHHM npoBoannacb c 

IIOMOlUbK) He COBCeM oSblHHOH MeXOaHKH. riopOIUKH Iiopoa CHaHaJia CIIJiaBJIHJIHCb B 
BbicoKOBOJibTHofl ayre aaa npeBpamenHH hx b cxexao, nacxb KOToporo 3anpeccoBbiBajiacb b 
maniKy h 3ajiHBajiacb 3 hokch;ihoh cmojioh, a 3axeM noanpoBaaocb. B nojiynennbix raKHM o6pa30M 
CTeKJiax raaBiibie 3 JieMeHTbi (Si, I i, Al. Fe, Mn. Mg, Ca, Na. K. P. Cr) onpeaeaaaHCb na 
3aeKipoHHOM MHKpoiOHae, a aaeMeHXbi-npHMCCH - c noMoinbio jia3epHofi a 6 a«uHH. 

MaiiiHH n HHKejib Beayx ce6« cxoxchm o6pa3o\i: b Bepxnen nacTH pa*pe3a b ra66po- 
aHopnxax nx coaepwanHH aoBoabiio poBHbie h cocraBaaior cooxBexcxBenno 5% h nepBbie 
aecHTKH r/x; b oanBrnicoaepwamux ra66po KonnenxpanHH necKOJibKo noBbiinaioxcfl ao 7% (MgO) 
h cothh t/t (Ni), aocTHraa naHCoabuinx 3HaneHHH b o.iHBHHOBbix ra66po. CoaepacaHHfl Ti h Co, 
HanpoTHB, b neaoM Bbime b Bepxnen hbcth pa*pe3a: b raoopo-anopnrax; ohh aocxnraiox 
nanGoabninx 3na i ieHHH Ha rayoHHe 610-615 m h aaaee. yMeHbinaacb ao 1% (Ti) h 50 r/x (Co) 
ocxaiOTca aoBOJibHo poBHbiMH ao Koima HHTepBaaa. MaKCHMaabHbie Koimempaunn xnxaHa b 3tom 
H iuepBaae, no-BnanMOMy, ooycaoBaenbi nannMneM Goabinoro KoanHecxBa nnpoKcena b nopoaax. 
KOTopbiH o6pa3yeT b hhx HeTHHHMHbie aaa xiaccHBOB HopnabCKoro KoxinaeKca HaHOMop(|)Hbie 
KpncTaaabi. Bbiaeaaexcfl noBbiuieHHbiMH coaep>KaHHflMH TiC >2 o6pa3eu N" OM-24/624 - 2,34 
Mac.%, hto b aBa pa3a upeBbimaer KOHueinpaann aannoro oaeMeuxa b nopoaax oanixon 
Marne3HaabnocTH. r 3xox aHaain xapaKTepn3yei nnpoKceHnxoBbin npocaon b ueiixpaabnon nacxn 
pa3pe3a. 3 thx nopoa xapaKTepHbi xaoce noBbimeHHbie coaep/KaHnn Haxpna. KoHueHxpaunn 
(l)oc([)opa h unpKOHH5i b oxaHMHe ox xnxaHa h Kooaabxa aocxnraiox Hanoonbianx 3HaHCHnn Ha 
ray6«He ox 5 0 0ao 5 6 0 m, cocxaBjiHH coomexcxBeHHo ao 0.7 % h 4 0 0r/x. a aaaee ocxaioxc« 
cxaonabiio hh3khmh (nepBbie aecaxbie % P 2 O 5 n nepBbie r/x ana Zr). MaKcnMaabiibie coaepwanna 
Mean (400-600 r/x), KaK n xnxaHa h Ko6aabxa, npnyponeHbi k HHxepBaay 610-615 m; ho b oxananc 



ox nocjie/iHHX KonneirrpanHa MeTajuia b raoOpo-aHopmax no cpaBnenmo c o ji n bh11 conepaca in hm n 
ra66po n ojihbhhobbimh ra66po ropaaao Hnace - nepBbie t/t npoTHB 100-200 t/t. 

no ckb. OM-4 6biJio npoaHajiHxnpoBaHo 6 oopa3iiOB H3 ropn30HTa riHKpnroBbix ra66po- 
aonepHTOB. KOTopbin aBnaeTca 3neci. ocooeimo \iomnbiM. YcranoBaenbi oneiib BbicoKne 
coaepKaHHa MgO -ao 31. 8 \iac.% (6e3 iiOTepb npn npoKaanBaHHH. T.e (jjaKronecKH b nepecneie 
Ha 100 % cyxoro BemecTBa). no coaepacaHnaM apyrnx nopoaooopaayiouinx okhc;iob nopoabi 
CCBCpHOH H IO5KH0H M3CTeH MaCCHBa OTJIHMaiOTCfl HeCVUieCTBCHHO. KpOMe KOHneHTpanHH Ti02 , 
riOBbiuieHHbix b ueHTpajibHon Macro pa3pe3a ckb. OM-24. Ha <j)OHe OojibiiiHHCTBa 3naweHHn, 
6an3KHx ana nopoa H3 oSenx ckb3>khh, Bbiaeaaerca oaHO. oTHHnaioineeca rioBbimeHHbiMH 
coaep>KaHHHMH narpna h THTaHa. a Tax>Ke Kpe\me3eMa, Kan Ha n (j>oc(j)opa - o6p. OM-24/506, 
xapaKTcpH3yioiHHH BcpxHioio Macro pa3pc3a k»khoh Macro nmpy3HBa. Oh npeacTaBnaeT coooh 
KB apncoaep>KamwH ra66po-nnopHT. MHHepaJibHbie oco6chhocth KOToporo cwabHO paanaTca c 
nopoaaMH H3 ocTaabHon Macro paapexa. 

CodepxcctHUH pedKUX 3Jie.\wnmo(i e nopodax 

CneKTpbi pacnpeaeneima peaxux oneMeirooB b nopoaax MacnoBCKoro MecTopoacaenna (no 
CKBa>KHH3M OM-4 h OM-24). HopMnpoBaHHbie k npHMHTHBHOH M3HTHH (Hofmann, 1988), 
noKaaaiibi na pnc_ 6.4. Tononorna cneicrpoB OMeiib 6aH3Ka. Ohh xapaKTepwayioTca npHcyTCTBHCM 
otmct;ihbo npoaBneHHOH OTpHuaieabHofi Ta - Nb aHOManneH, noBbiuieHHbiMH coaepacaHHaMH 
jiei KHx peaKHX aneMenroB. cxoanbiM noBeaeiiHeM peaKHX 3eMe;ib. b tom MHcne h Taacenbix. /Xjih 
cneKrpoB OojibiimiicTBa nopoa xapaicrepHo npHcyrcrBHe nonoacHTenbHOH CTpOHnneBOH h 
orpHuarejibiion THTanoBOH anaoManHH. Cpean HiyMeinibix oOpaanoB ckb. OM-24 oann H3 
cncKTpoB oTanMacTca HajiHMHCM noaoacHTeabHofi aHaMaaHH THTaHa - o6p. OM-24/624, ana 
KOToporo noBbiuieHHbix KOHneHTpanHH 3Toro oneMema OTMenanHCb Bbime. 3 to b MeHbuieH 
CTeneHH xapaKTepHO ana o6p. OM-24/525.5. npeacTaBaaiomeMy co6oh (j)eppora66po H3 Bcpxneii 
Macro paapeaa. OrnHMaeTca no cbohm xapaicrepHcroKaM raxwe ynoManyrom Bbime o6pa3en 
KBapneBbix anopHTOB H3 BepxHen MacTH HHTpy3HBa. aaa KOToporo THnHMHbi oncHb bmcokhc 
KOH neHTpanHH Bcex peaKHX aaeMenroB. 3a HCK;iK)MeHHeM cipounna h rnraiia. ojiaroaapa Me\iy 
o6pa3yioTca oTpnnaTeabHbie aHOMaann b cooTBeTCTByiomeM eMy cneKTpe. B neaoM ypoBenb 
coaepwaiiHH peaKHX aaeMenTOB b nopoaax \iaccnBa CHabno BapbnpyeT (b necKoabKo pa3. nnoraa 
Ha nopaaox), mto HanpaMyio CBa3aHO c MarHe3naabHocTbio nopoa. TaKHM o6pa30M, 
o6oco6aaiOTca cneKTpbi nopoa H3 hhjkhch (oaHBHHCoaepa<ameH h oaHBHHOBOH) h BepxHen 
MacTeii pa3pe3a, caoaceHHbie 6e3oaHBHHOBbiMH ra66po-aoaepnTaMH. Bepxnaa Macro Taxnce 
oooramena Zr h Hf (b pe3yabraTe ([ipaKunonnpoBanna). 



OM-4 


rn.^a kronor imcckhr , +>iW . 1 


pjaVh<..1 c^jum 


320 





A^Toc focj 


foe i^ cn 

1 J?U7.H 
acjiH law. 1 

950 • r r f*5i.? 
lee loc?atf4 
+0!4.ti 
fRWi ' 

loc |9SM 
3*0 h ,UL l»wu 
WJ ; •wsi. 1 

foe foWa 

aro-i Foe i 

♦972.3 

foe njc*^ 

isM.n 
foe >'■' 

{*WX4 

r- r- iWM5.7 

foe IOCfW.7 


aw 


8OT- 


foe 


ttXHfoc Foe' 


foni.n 


oc 


:roc roc' 


«90M 

r« i 

»«-f5c rBci 

loc if'2.9 
loc foe] 

Toe 


9M- foe lee 


♦niH.2 

I 

i<i23.8 


OC 


foe Ice; 


<326.2 


fo fo 


w u-;rr**..i .yxsijjx 


930- 


To ♦HD? a 


_*!»69 


Hp R 


TP 


p; 


TP 


(tp Ftp 


Ftp 




Fp Rp 


960- 


#fwr#9 


Rp 

Fp R 




Ftp 

Ftp Fp 


960- 


n 


TP 


Tip r 

r~TP 

Ftp Fn 


»9W>9 


f Tp •U'OI 
♦H7T 9 


980* 


I7l IntaMO 
fn *n70 4 


Hi fn 




*9817 


fn IT. 

ft 

ft ft 


*ne4 a 


#9H' 9 


Phc. 6.3. CTpoeHHe ceBepHon nacTH MacjiOBCKoro MecTopoKjieHHfl no ckb. OM-4. 


TaSjmua 6.1. CotfepacaHHA niaBHbix (Mac.%) h pejiKHX 3JieMeHTOB (i7t) b nopo,aax 
ceBepHofi nacTH MacaoBCKoro MecTopoacneHHfl (ckb. OM-4) 


N9 nn 

1 

2 

3 

4 

5 

6 

7 

8 

9 

N9 o6p. 

OM-4/ 

881,7 

OM-4/ 

1000 

OM-4/ 

1010,8 

OM-4/ 

1026,5 

OM-4/ 

1035 

OM-4/ 

1050,4 

OM-4/ 

1053,1 

OM-4/ 

1062 

OM-4/ 

1097,2 

WBEZm 

49.0 

42.1 

42.1 

41.9 

42.8 

44.4 

45.0 

48.2 

49.5 

Ti0 2 

1.12 

0.382 

0.39 

0.29 

0.59 

. 

0.496 

0.66 

1.77 

1.11 

ro 

o 

rN 

< 

15.1 

6.58 

6.53 

5.06 

5.88 

9.59 

8.84 

14.4 

14.2 

FeO 

11.9 

15.8 

15.4 

16.2 

16.0 

- - ■ 

13.7 

— 

14.0 

13.74 

11.3 

MnO 

0.21 

0.24 

0.24 

0.23 

0.24 

0.21 

0.23 

0.24 

0.69 

MgO 

7.10 

28.8 

30.5 

31.7 

29.5 

23.6 

22.8 

6.31 

6.71 

CaO 

11.4 

4.61 

4.37 

3.58 

4.73 

6.71 

6.71 

11.0 

10.5 

Na 2 0 

2.90 

0.57 

0.46 

0.29 

0.52 

0.85 

0.70 

2.56 

2.05 

K 2 0 

0.54 

0.20 

0.25 

0.21 

0.18 

0.24 

0.39 

0.41 

0.51 

p 2 o 5 

0.11 

0.06 

0.05 

0.05 

0.06 

0.06 

0.08 

0.24 

0.15 

CyMMa 

99.5 

99.5 

100 

99.7 

100 

100 

99.5 

98.9 

97.0 

Rb 

18.9 

6.24 

7.54 

7.11 

5.71 

8.03 

15.9 

10.4 

17.7 

Ba 

105 

90.5 

102 

47.5 

89.5 

103 

105 

146 

244 

Th 

0.846 

0.312 

0.272 

0.292 

0.421 

0.419 

0.670 

1.42 

1.09 

U 

0.498 

0.118 

0.109 

0.117 

0.142 

0.167 

0.186 

0.650 

0.545 

Nb 

3.29 

1.24 

1.39 

1.03 

2.43 

1.81 

2.33 

6.02 

4.02 

Ta 

0.230 

0.092 

0.111 

0.080 

0.183 

0.149 

0.152 

0.401 

0.253 

La 

5.90 

2.38 

2.38 

1.98 

3.33 

3.24 

4.01 

10.2 

4.97 

Ce 

14.1 

5.46 

5.02 

4.60 

7.65 

7.30 

9.37 

23.9 

12.6 

Pr 

1.98 

0.750 

0.672 

0.626 

1.02 

0.983 

1.27 

3.37 

1.92 

Nd 

9.54 

3.49 

3.07 

2.86 

4.80 
'' “ " 1 

4.63 

6.06 

16.3 

9.69 

Sr 

304 

100 

91.2 

89.6 

90.2 

142 

166 

214 

220 

Sm 

2.75 

0.983 

0.837 

0.776 

1.29 

1.28 

1.74 

4.67 

2.85 

Zr 

92.7 

29.8 

22.1 

27.1 

34.0 

36.3 

51.9 

129 

78.5 

Hf 

2.41 

0.776 

0.605 

0.674 

0.929 

0.935 

1.35 

3.29 

2.01 

Eu 

1.08 

0.386 

0.389 

0.297 

0.447 

0.504 

0.522 

1.63 

1.13 

Ti 

6407 

2340 

2237 

1715 

3759 

3009 

3994 

10237 

6351 

Gd 

3.40 

1.20 

1.03 

0.979 

1.60 

1.60 

2.16 

5.67 

3.71 

Tb 

0.583 

0.203 

0.172 

0.166 

0.272 

0.263 

0.361 

0.977 

0.619 

Dy 

3.81 

1.34 

1.18 

1.15 

1.80 

1.786 

2.43 

6.40 

4.09 

Ho 

0.783 

0.285 

0.243 

0.248 

1 

0.373 

0.370 

0.505 

1.37 

0.838 

Y 

19.9 

7.67 

6.52 

6.78 

10.0 

10.2 

13.9 

34.7 

21.8 

Er 

2.16 

0.813 

0.731 

0.73 

1.08 

1.09 

1.50 

3.73 

2.37 

Tm 

0.302 

0.117 

0.109 

0.10 

0.152 

0.156 

0.214 

0.517 

0.327 

Yb 

2.07 

0.788 

0.759 

0.75 

1.06 

1.08 

1.45 

3.69 

2.29 

Lu 

0.309 

0.122 

0.114 

0.11 

0.157 

0.162 

0.216 

0.526 

0.333 


























































































































































































































































































































































































Ta6iiHua 6.2. Co/iep/KaHHH nnaBHbix (\iac.%) h peaKHx ajieueHTOB (r/r) b nopooax ceBepnoM nacTH 

Mac-iOBCKoro MecTopo>K^eHH5! (ckb. OM-24) 


N2 nn 

1 

2 

3 

4 

5 

— 

6 

7 

8 

9 

N 2 o6p. 


OM-24/ 

575.5 

OM-24/ 

624.0 

OM-24/ 

705.4 

OM-24/ 

745.1 

OM-24/ 

789.9 

OM-24/ 

814 

OM-24/ 

824.7 

OM-24/ 

850.84 

Si0 2 

56.6 

49.8 

44.8 

50.3 

50.0 

48.7 

43.4 

43.0 

45.6 

H 

• 

O 

rsj 

1.78 

2.73 

2.36 

1.15 

1.00 

0.749 

0.525 

0.481 

0.699 

ai 2 o 3 

13.3 

11.8 

13.0 

15.0 

15.8 

18.3 

7.98 

9.57 

17.3 

FeO 

14.1 

18.9 

19.3 

10.76 

9.65 

9.15 

13.6 

13.1 

10.2 

MnO 

0.301 

0.267 

0.219 

0.156 

0.157 

0.141 

0.342 

0.231 

0.178 

MgO 

3.08 

4.60 

6.01 

7.21 

7.65 

■ 

9.53 

. 

26.9 

24.2 

11.4 

CaO 

5.18 

8.06 

11.4 

13.09 

13.0 

11.5 

5.42 

6.40 

10.2 

Na 2 0 

4.01 

2.83 

2.20 

2.20 

2.23 

2.06 

0.733 

1.22 

1.74 

K 2 0 

1.59 

0.663 

0.371 

0.348 

0.377 

0.301 

0.204 

0.269 

0.409 

P 2 O s 

0.357 

0.228 

0.110 

0.129 

0.123 

0.095 

0.083 

0.067 

0.062 

CyMMa 

100 

100 

100 

100 

100 

100 

99.2 

98.8 

98.1 

Rb 

43.6 

18.2 

5.69 

7.75 

10.0 

7.56 

7.80 

6.88 

12.5 

Ba 

464 

192 

126 

117 

136 

85.6 

52.2 

86.2 

98.1 

Th 

3.67 

2.15 

0.966 

1.04 

1.23 

0.777 

0.592 

0.595 

0.758 

U 

1.19 

0.741 

0.339 

0.348 

0.484 

0.275 

0.229 

0.233 

0.300 

Nb 

15.2 

7.54 

3.42 

3.64 

3.76 

2.64 

1.92 

1.71 

2.37 

Ta 

0.928 

0.458 

0.210 

0.222 

0.232 

0.159 

0.123 

0.100 

0.143 

La 

25.0 

12.1 

6.34 

6.92 

6.79 

5.65 

3.49 

3.15 

4.33 

Ce 

54.6 

27.5 

14.5 

15.7 

15.5 

12.5 

8.17 

7.21 

9.78 

Pr 

7.37 

3.83 

2.00 

2.19 

2.15 

1.68 

1.09 

0.994 

1.33 

Nd 

34.2 

18.0 

9.75 

10.5 

10.2 

7.83 

5.09 

4.62 

6.38 

Sr 

168 

233 

263 

233 

215 

237 

92.7 

120 

251 

Sm 

8.74 

5.01 

2.77 

2.94 

2.94 

2.09 

1.39 

1.27 

1.77 

Zr 

299 

137 

74.1 

77.0 

78.9 

57.2 

37.7 

36.3 

59.3 

Hf 

7.19 

3.63 

2.02 

2.08 

2.21 

1.52 

1.08 

1.01 

1.55 

Eu 

2.53 

1.62 

0.960 

1.05 

1.01 

0.791 

0.502 

0.517 

0.730 

Ti 

11434 

17245 

15056 

6802 

6073 

4551 

3092 

2749 

4223 

Gd 

10.1 

6.16 

3.45 

3.66 

3.62 

2.47 

— 

1.71 

1.61 

2.20 

Tb 

1.66 

1.02 

0.602 

0.615 

0.614 

0.419 

0.284 

0.276 

0.363 

Dy 

11.2 

6.86 

4.01 

4.20 

4.13 

1 

2.83 

El 

1.85 

2.50 

Ho 

2.29 

1.40 

0.827 

0.863 

0.853 

0.578 

0.409 

0.385 

0.510 

Y 

62.0 

38.5 

22.3 

23.0 

22.6 

15.4 

1 

9.50 

9.36 

12.4 

Er 

6.85 

4.16 

2.45 

2.50 

2.47 

1.70 

1.13 

1.11 

1.42 

Tm 

1.00 

0.607 

0.347 

0.359 

0.360 

0.246 

0.164 

0.154 

0.209 

Yb 

6.87 

4.10 

2.36 

2.41 

2.51 

1.64 

1.11 

1.10 

1.41 

Lu 

1.01 

0.610 

0.347 

0.359 

0.378 

0.242 

0.166 

0.168 

0.217 



























































































































































































































































































































































































Rb Ba Th U Nb Ta La Ce Pr Nd Sr Sm Zr Hf Eu Ti Gd Tb Dy Ho Y Er Tm Yb Lu 


OM-4/881,7 
OM-4-1050 4 


OM-4-IOOO 
OM-4-1053 1 


OM-4-1010 8 □ OM-4-1026 5 
OM-4/1062 -O-OM-4/1097,2 


■OM-4-1035 


Phc. 6.4. CneKTpbi pacnpe;iejienn>i pe;iKnx 3JieMenroB b nopoaax MacaoBCKoro mrrpyjHBa. no ckb. 

OM-24 (a) h OM-4 (6), HopMupoBaHHbie k npnMHTHBHon \iaHTHH (Hofmann. 1988) 

Hpn conocTaBJicHHH cncKTpoB pacnpe^ejieHna pc^KHX 3^cmchtob b nopo,aax, BCKpbiTbix 
ckb. OM-4 n OM-24, oGpamaeT na ce6a BiniManne paiJiHHHe b TonojiornH Ta - Nb anoMajinen: 
ecjin b nopo;iax ckb. OM-24 HopMajnnoBanHbie snaMeHna 3thx 3Jie\ieH tob npHMepno paBHbi, to b 
nopo^ax ckb. OM-4 ohh 3HaHHMO pa3JiHMaioTca (Nb < Ta). CneKTpbi nopo/i H3 ckb. OM-4 Taioi<e 
OTJiHHaioTCfl no THTaHy: HHvKHflfl nacTb cn.ibHee ooeaHCHa 3thm 3J1cmchtom. hcm bcpxhhh. 3to b 
HanGojibuien Mepe cB^naHo c \BejiHHeHHe .ao-in nnpoKceHa - maBHoro hochtcjih THTana (npn 
OTcyTCTBHH THTaHOMameTHTa) b nopojiax. 

1 eoxHMHHecKne paiJiHHHH Meacay nopoaaMH ceBepnon h io>khoh Hacren OTHeniHBee 
BbIflBJ15IK)TC5I npn paCCMOTpeHHH B3aHMOOTHOLUeHHH OT^eJIbHblX 3Jie\ieHTOB. TaK. OTMCHeHHbie 
paiJiHHwa no cooTHoinennio Ta h Nb npeacTaBnenbi na anarpaMMe Nb/Ta - La/Sm. r,ae bh,hho 





(pHC. 6.5), hto riopo^aM ckb. OM-24 npncymH oo.iee BbicoKHe 3HaneHHH Nb/Ta OTHOiueHHfl - 
oojiee 1 6,b to Bpevia KaK jxhr nopoji ckb. OM-4 ohh HH/Ke (Menee 1 6) Ilopo^bi HopnjibCKa 1 
nonajiaKyr b oo.iacTb cocTaBOB h ccbcphoh, iokhoh nacTH MacjiOBCKoro mcctopo>k^chhh. 



Phc. 6.5. /lnarpaMMa Ta/Nb - La/Sm ;uih nopoa HopnjibCK 1 (1). CeBepo-MacjiocKoro (2), 

IO>KHO-MaCJIOBCKOrO (3) H HHTpy3HBOB 

Mwtepajiopo-eeoxuMmecKue ocofamtocmu nopodooftpcnytoupa Munepaioa 
IIan6ojibiimH HHTepec npeziCTaBJifliOT co6ofi Mnnepajibi, cocraB Koropbix MenaeTCJi 
ziocraroHiio cymecTBeimo b nopo^ax HHTpy3HBHbix Teji. K hhm othochtch, b nepiwio onepenb, 

OJIHBHH H nHpOKCeH. 

O ji h b h h. B pe3yjibTaTe HCCJiejiOBaHHH ycTanoBnenbi BecbMa cymecTBeHHbie Bapnaunn b 
cocraBax ojiHBHHax (Krivolutskaya et al., 2012), OTOopaHHbix juih HCCJieflOBaHHH H3 pa3Hbix 
ropH30HTOB nopo jx . Hanoojiee >Kejie3HCTbie H3 hhx oonapyweHbi b ueHTpajibHOH nacTH pa3pe3a 
CKB. OM-4 (Ha rJiyOHHC 915 m). ripH 3TOM COJICpyKaHHC (j)OpCTepHTOBOH COCTaBJlflKHUCH B 
MHHepaJie MHHHMaJlbHO H paBHO 

59 mojt.%. Bhh 3 no pa3pe3y MarHC3HajibHOCTb ojiHBHHa pacTeT h .aocraraeT CBoero MaKCHMyMa b 
BepXHew nacTH iihkphtobo ro ropHioirra (npuMepiio na rjiyonne 980 m). 3,aecb noaBjiaeTCH 
ojihbhh, cociaB KOToporo b cpe,ztfieM paBeH Fo 82. PacnpejjejieHHe 3JieMeHTOB-npH\ieceH b 
ojiHBHiiax H3 ueHTpajibHbix nacTen pa3pe3a ne oGnapyacHBaeT hctko npoHBjieinibix 
3aKOHO\iepHOCTeH. TaK, HanpHMCp, H3MCHCHHe CO^Cp>KaHHH THTaHa H aJIIOMHHHH HHKaKHM 
o6pa30M He CBH3aHO c noBejieHHeM rjiaBHbix 3Jie\ieHTOB b H3yneHHbix MHHepajiax. Pa30poc hx 




KOHLieHTpauHH BecbMa cymecTBeHeH b BbicoKO.\iarHe3ajibHbix nopo^ax. a hmchho oh KOJieGjieTca 
jinn Ti02 ot 0.01 jio 0.04 Mac. %. b HH3KOMarHe3iiajibHbix coaepacaHHe okhch imaua b ojihbhhc 
cocTaBjifleT b cpeOTeM 0.02 Mac. %/ IIootomv ochobhoh ynop b paccMOTpemiH noBezieHHH 
npHMecHbix 3jicmchtob 6yaer c/iejiaH Ha ojihbhhbi H3 iiHKpHTOBbix h riHKpHTono,ao6Hbix riopo#. 

HH repecHO cpaBHHTb noBejieHne ojicmchtob-iiphmccch b o;iHBHHax H3 6jih3khx iio cocraBy iophsohtob 
- nHKpHTOBbix h nHKpHTono;io6Hbix nopon CeBcpHoro. IO>KHoro MacaoBCKoro h IlopnjibCK 1 
MeCTOpOK^eilHH (pHC.6.6). KOHLieHTpauHH HHKeJlH B OJIHBHIiaX H3 nepBOrO H3 Iia3BaHHbIX 
MeCTOpOKfleHHH BbICOKHe- OT 0.22 £0 0.30 Mac. % H COIIOCiaBHMbl C TaKOBbIMH B OJIHBHHaX 
HHKpH'ro Bbix ra66po-/iojiepHTOB mccto po hhh HopujibCK 1. KOTopbie xapaicrepH3yK)TCfl cawbiMH 
BbICOKHMH COiiep>KaHHHMH 3TOIT) MCTajlJia no CpaBHCHHK) C OJIHBHHaMH £pyrHX py^OHOCHblX 
MaccHBOB. B pacripcziejieHHH 3Toro o.ieMeHTa b BbicoKOMarHC3HajibHbix nopo^ax ycTaiiaBJiHBaeTCM 
cjiaGaa KoppejmuHH c co/iep/KanneM acejie3a b MHiiepaae, nro cBH^eie.ibCTByeT o najiHMHH 
cyjib(l)H,aoB b nopo^e, na hto yKa3biBanocb paiibme. 



PHC.6.6.XlHarpaMMbi cocTaBOB 3neMeHTOB-npHMeceH b o.iHBHHax Ni. Cr 203 , Y, CaO - Fo H3 
nHKpHTOBbix ra66po-AOJiepHTOB 10>KHoro (cHHee). CeBepHoro (3eaeHoe) MacjiOBCKHx 

MeCTOpOyK.aeHHH H HopHJlbCKal (KpaCHOe) 
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Pmc. 6 . 7 . /(HarpaMMbi Al, Zr (ppm) - Fo (moji.%) ju\x ojihbhhob IOamoro, CeBepHoro MacjiOBCKHx 

MecTopo>K;ieHHH h HopHjibCKal 

YcjioBHbie o 6 o 3 HaHeHHa: chhhc h ro;iy 6 bie Kpy>KKH - IO>KHoe MaonoBCKoe MecTopo^eHHe, 
3ejieiibie KBa^parbi h xpeyrojibHUKH - CeBepnoe MacjiOBCKoe Mecropo>K,neHHe, KpacHbie pOM6bi - 

MecTopoKaeHHe HopwjibCK 1 


no KOHUeHTpaUHHM XpOMa T 3 K>Ke OJIHBHHbl IO>KH 0 -MaC;i 0 BCK 0 r 0 HHipy 3 HBa CymeCTBeilHO 
OTJiHMaioTCH ot CeBepiioro MacjioBCKoro h IIopHJibCKa 1 3 a cner cymccTBCimo noBbimemibix (jio 
0.04 Mac.%) CO;iep>KaHHH, KOppCJlHpVIOIHHX C (|)OpCTepHTOBOH COCTaBJIHhOlUCH B MHHCpajIC. 
>KCJie 3 HCTOCTH MHHCpaJia OT 0,022 B nHKpHT 3 X flO 0.032 Mac. % B OJlHBHHCOaep>KamHX riopoaax. 
IIo;io 6 naa KapxHHa naOjno.xaeroi h b pacnpe,xejiennn KajibiiHa H 3 MHHepajioB xthx ipex 
Mecropo>KiieiiMM. 

HaH 6 o;ibLIIHH HHTCpCC npe/lCTaBJIfllOT COOOH pe^KHe 3 GMJ 1 H. nOBbimCHHblC KOHUCHTpaHHH KOTOpbIX 
b ojiHBHiiax MarMaTHMecKHx nopoA (He TOjibKo HopaubCKoro paiiona) ycTanoBjienbi h 3 mh 
B nepBbie. J\nn npHMepa npHBe^eHO pacnpeae^eHHe HTxpHa. KOTopoe coBepiueHHO HaeHTHHHO 
xaKOBbiM Yb, Dy, Lu, Tm. Er , no KOHueirrpauHH ero Ha nopaaoK b ojihbhhc, neM yKaxamibix 
3 jieMeHTOB. Ha GHHapHOH .zwarpaMMe Fo - Y (phc. 6 . 6 ). BbiaejiaioTca 2 TpeHfla: 1 ) THnHHHbiH axa 
HopHJibCKa 1 h C.MacjioBCKoro \iecropo>K;ieHHfl h 2 ) xapaKTepHbifi ana K).MacjioBCKoro 
MeCTOpO>K/ieHHa. JUia OCHOBHbIX pa 3 HOBHJIHOCTeH nOpOA: nHKpHTOBbIX, TaKCHTOBbIX, OJIHBHHOBbIX 
ra 66 po-^o^epHTOB. HanGojiee apxo npoaB.xeii Tpena jjih iiHKpHTOBbix paxiiOBHaiiocTeH. 
KoHueHTpauHH httphh b nepBOM H 3 hhx aocTHraioT 2.4 t/t, (F 079 ). Anajioni'iHbie KapTHHbi 
nojiy i ieHbi jjjih Dy, Ho, Lu. Er. Yb. Tm. OueHb 6 jih 3 ko k p amp eie;ieHHio peaK 03 eMejibHbix 
3 JieMeHTOB h iioBe,xeHne THTaHa, TOJibKo nHK ero KoHueHTpauHH HecKOJibKo cmciiich b 6 ojiee 
>Kejie 3 HCTyio oonacrb - F 078 . Ha rrox ace HHrepBaji upiixoim rca MaxcHMajibHoe co;iep>KanHe Sc b 
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Phc. 6.8. H3MeHeHwe Manie3HajibH0CTH nnpoKcejia(Mg#) no ckbstkhhc OM-24 


H3yneHHbix ojihbhhux, xoth oh o6napy>KHBaeT oTcyTCTBHe 3aK0H0MepHbix cbjbch c rjiaBHbiMH 
ojieMeiiraMH. ooaacTb pacnpocTpanenna tohck iia ^narpaMMe Fo - Sc npaKTHHecKH 
pacnojiaraeTCHnapajuicjibHo och x, no KOTopoii otjio>kch (j)opcTcpnT. 3naMHMbic pa3JiHHHfl b cocTaBax 
ojihbhhob yKcoamibix Bbiiue MaccHBOB ycranaB.iHBaioTca Taioice (pnc.6.7) no KoimeirrpaunHM Zr (.ao 
0,5 t/t) h co,aep>KaHHflM ajnoMHHHH (ao 250 t/t). 

B noBeaennn apyrnx 3Jie\ieiiTOB ne oTMeneno HHKaKHX ocoobix iaKonoMepnocien: 
repMaHHH. jihtha, Haipna n ap. 

n n p o k c e n. Bapnaunn cocTaBa 3ioro MHHepajia 6bian aeraribHO H3yneHbi no ckb. OM-24 
(pnc.6.8). CaeayeT 0T\ieTHTb b paipe3e 3 toh CKBaKHHbi namnne nopoa, Korepbie ne 6biJin onncanbi 
aBTOpaivin panee b apyrnx nnrpy3HBnbix oopaiOBannax HopnjibCKoro panona. Hx oTJiHHHTeabnon 
nepTon HBaaeTCH npncyTCTBne nanoMop^Horo nnpoKceHa, coaep>Kamero oojibmoe KoannecTBO 
CTeicnoRaTKTX narmaRHMX rkiiomphhh mto OKino otmpmpho r rnjme 4 flop tip tthhp poptosit H3 CTPicrra 



h ycaaoHHon nonocTH (oGbiHHO ny3bip»). ooaaaaiOT oBajibHon (j)opMOH Han hmcfot (|)op.\iy 
OTpHLiaTejibnoro KpHCTajiJia nnpoKcena. Hx pajxiep KoaeGaeTca ot 5 ao 100 mkm. b epeaneM 
cocxaBjiaH 30-40 mkm. 

B HHyKHeii nacTH pa3pe3a b TaKCHTOBbix. nHKpHTOBbix h ojiHBHHOBbix raoopo-aoaepHTax 
MarHC3Ha.ibHocTb nnpoKceHa ocTaeTca npaKTHHecKH nocToaHHoii, xota anana30H cocTaBOB b k&kaom 
o6pa3ue aocTaTOHHO BeanK, oh cocTaBaaeT ot 70 ao 85 Mg# b cpeaHeM. B Ge3oaHBHHOBbix 
pa3HOBHaHOCTflX nopoa K BCpXHCH H3CTH ropH30HT3 npOHCXOaHT nOCTCneHHOe CHH)KCHHC 
coaep>KaHH>i Mara ha b nnpoKceHe (ao cpeaHefi Mg#=70) c v3khm pa3opocoM 3HaneHHH (b npeaenax 
3-5 eaHHHu). OanaKo nanGoabuine Bapnaunn cocTaBOB oTMenaioTca b cbmoh Bepxnen 3one 
HHTpy3HBa, CaOHCeHHOH npH3MaTHHeCKH-3epHHCTbIMH raOOpO-aHOpiITaMH H BCpXHHMH TaKCHTaMH H 
ra66po. B nepBbix H3 na3BaHHbix nopoa npoHexoaHT cnn/Kenne Marae3HaabHOCTH nHpoKcenoB ao 50, 
a b npHKpoBeiibHOH nacTH KoaeGanna cocTaBOB nwpoKceHOB cocTaBaaioT ot 30 ao 50 Mg#. 
PaccMorpeHHe 3ae m e hto b- n p h m ece h b nwpoKceHax npeacTaBaaeT coGoh omchb apKyio 
cneuH(|)HHecKyK) Kapruny. HanGoaee naraaaHO 3to bhaho na anarpaMMe Ti02 - Mg# (pnc.6.9). I la 
hch HaojuoaaeTCH hcckojibko oraejibHbix orneTauBbix TpeHaoB. pacxoasnuHxca noa pa3HbiMH yraaMH 
npaKTHHecKH ot oaHoro cocraBa - nupoKcena c Marne3Haabnocibio oxoao 85. Han6oaee KpyrbiM h 
oGorameHHbiM thtbhom ao 1,2 Mac.% HBaaeTCH rpena. o6pa3yeMbin cocraBaMH nnpoKceHOB H3 
nHKpHTOBbix ra66po-aoacpnTOB (o6pa3Ubi 811 h 814). Oh o6ocoGaHCTCH ot Goaee noaornx rpenaoB, 
THMHMiibix aa« TaKCHTOBbix ra66po-aoaepnTOB. CaMbin noaornn Tpena oGpaiyior cocraBbi 
impOKCCHOB H3 OnHBHHOBbIX H OaHBHHCOaep>KaiHHX raGGpO-aOaepHTOB. npoaoa>KeHHCM 3TOTO 
rpenaa ABaaeTca oGaacib roneK, cooTBeTCTByiomHX cocraBaM nnpoKceHOB H3 raGGpo-anopmoB - 
ohh y>ice pacnoaaraiOTCfl cyGnapaaaeabHO och X. a caMbie Bepxime rinpoKceiibi aaxce oGpajyior 
iieGojibinoH HHexoaflLUHH rpena b oGjiacTH cocTaBOB c MarHe3HajibHOCTbio, paBHOH 60-62. 

XpoM b nHpoKcenax o6napy>KHBaeTca ToabKo hx oaHBHHCoaepacamHX nopoa (HHace 700 m), 
BcpxHaa nacTb pa3pc3a coaep>KHT nnpoKceHbi, npaKTHHecKH aniiieHHbie 3Toro 3aeMCHTa. 
MaKCHMaabHbie ero KOHnempaiiHn npncyiun nnpOKceHaM H3 oGpa3na 856 m. MapraHeu oGpa3yer 
xopomo KoppcanpycMbin c >Kcae3ncTocTbio MHHepaaa TpcHa Ha anarpaMMe MnO - Mg#. 

Oneiib HHTepecHO h neoGbinno no cpaBnenmo nHpOKcenaMH apyrnx MaccHBOB BbiraaaflT 
nnpoKceHbi H3 o6pa3noB ckb. OM-24 no pacnpeaeaennio b hhx npnMecHbix 3aeMeiiTOB. Bee P33, 
HTTpHH H THT3H BCa>T CeGfl OaHHaKOBO. n03TOMy HX nOBCaCHHe M05KHO paCCMOTpCTb Ha npHMepe 
aioooro H3 Ha3BaHHbix 3Jie\ieHTOB. HanpHMep, Hirpna. Ha anarpaMMe Y- Mg# npexpacHo BnaHo aBa 
rpeHaa, oTBeMaiomne rnnepGoanHecKOMy paenpeaeaemno. OTxoaauiHx ot caMoro MarHC3HaabHoro 
nnpoKcena (Mg# = 85). nepBbin H3 hhx Goaee KpyTOH xapaicrepH3>eT iiHpOKceHbi, oroGpanHbie H3 
BepxHHx nacTen b pa3pe3e, a BTopon, Goaee noaornn. THnunen ana nHpoKcenoB H3 Goaee HH3KHX 
TOpH30HTOB. 








Mg# 

O ra66po ♦ ra66po-AnopnTbi A o/wBHHCOAepwam ne r-A 

■ onuBUHOBbie r-A A nnKpmoBbie r-A AiaKCHTOBwe r-A 

□ nupOKcemiibi 

Pnc. 6. 9. ^warpaMMa jinn unpoxceHOB K)>KHO-Mac;ioBCKoro m ecTopo^^e hhh 


llpHBeiieiiiibie Bbi me aannbie no cocTaBaM nopoj n MHHepanoB lOacHoro n CeBepnoro MacjioBCKoro 

MeCTOpOHC^eHHH CBH^eTe.lbCTB\TOT OO HX CymCCTBCHHbIX OTJIHHHflX no COOTHOUJeHHK) pa.ua 

noKa3aTejibHbix 3Jie\ieHTOB (Nb/Ta, Zr/Sr). a Tarace no 3aKOHOMepHbi\i H3MeHeHHflM cocTaBOB 
nopoiiooGpajyiouiHX MnnepajiOB, ocooenno ojihbhhob., b kotop bx nanoojiee nn^opMaTHBHbiMH 
npHMecHbiMH 3JieMeHTaMH ABjiflioTCfl thtsh, KajibUHH, xpoM, ajnoMHHHH, HTTpHH h zipyrne pe/lKHe 
3eMJin (kbk Tfl>Ke^bie, Tax n cpe/wne). Ha zinarpaMMax (j)opcTepnT - P33 BbiflB.ifliOTCfl TpeH^bi, 
OTpaflcaiomne B03pacTaHnc KOHUCHTpaunn npnNiecHoro 3-ieMCHTa c poctom >Kejie3HCTOCTH MHHcpajia. 



HaKJioH xpeH/ia ABJiaeTCfl oahoh h3 rjiaBHbix xapaiaepncTHK ojiHBHHa H3 KOHKpeTHoro o 6 pa 3 ua. 
Ca\lbIM KpVTblM HaKJIOHOM TpeHAOB OTJIHHaiOTCfl OJIHBHHbl H3 nHKpHTOBbIX Ta66pO-AOJiepHTOB. I lo 
3 'TOMy nOKa 3 aTejlK) OJIHBHHbl H3 MHKpHTOB CCBCpHOH HaCTH MeCTOpOK.aeHH^ (ckb. OM-4) 
cymecTBeHHO oTJiHHaioTCfl ot ojihbhhob ioxchoh nacTH (ckb. OM-24). IlepBbie oojiaaaKyr 6 ojibiiiMM 
yrjioM HaKjioHa TpcHaa k och X, aHajiorHHHo ojihbhhbm H 3 MecTopo>K,aeHH5i HopwjibCK 1 . 
OJIHBHHOB CKB. OM-4 THIlHHHbl 3HaHHTCJIbHO OOJiee nOJIOrHe TpeH^bl. TaKHM 06 pa 30 M, M05KH0 
C^CJiaTb 3aKJIK)HCHHe O TOM. HTO CCBpHblH HHTpy3HB MaCJIOBCKOTO MCCTOpOyKACHHH HBJlflCTCfl 
IipO/lOJOKCHHe HHTpy 3 HBa HopHJIbCK 1 , B TO BpCMfl KaK KVyKHblH npeacTaBJiaeT co6oh 
caMOCTOHTejibHoe MarMaTHHecKoe tcjio. Hhhcc 3to Gyaer noATBep>KAeHO 11 a npnMepe cocraBOB pya 
H 3 3THX pa3HbIX HaCTCH MecTopo^aeHHji. 

6.1. COOTHOIIICIIHH llOJICIIIbIX kOMIIOIICIMOB B pyAaX 

BKpanjieHHbie pyabi ccbcphoh h k»khoh MacTen MacaoBCKoro MCCTopowaeHHH 
MecTopo>K;ienn« HMeior onpeaeaeiinbie otahhhh. BKparuienHbie cy;ib(|)Hanbie pyabi, npnypoMeHHbie k 
HH>KHefi MaCTH CCBCpHOH BCTBH HHipy3HBa, GbIJIH H3yMCHbI 110 HeCKOJTbKHM CKBa>KHHa\1. 
OTJIHMHTeJIbllOH OCOSeHHOCTbK) BCKpbITbIX CKB. OM-4 nHppOTHH-XaJIbKOnupHTOBblX pyzi MBJiaeTCH 
o6njine tohkhx (MomnocTbio nepBbie mh jiJiHMeTpbi - 1-2 cm) npoacnjiKOB cyjib<])HAOB, Macro chjii>ho 
OKHCACH HbIX C riOBCpXHOCTH. 3t0 >KC KacaCTCfl H HHTCpCTHUHajlbHOH BKpanjicn HOCTH Ohm 
jiokji H30B3Hbi npeHMymccTBcmio b nHKpHTOBbix raGGpo-aojiepnTax. KaK yace OTMenajiocb Bbinie, ajih 
aannoro pa3pe3a ninpyinBUbix nopoa nc xapaicrepHo pa3BHrne hhhchhx TaKCHTOBbix raGGpo- 
AOJiepnTOB. Mo/i nHKpHTOBbiM ropH30HTOM pacnojiaraioTCH noHKHJioo(|)HTOBbie ojiHBHHOBbie raGGpo- 
aojicpnibi. caaGo TaKCHTH3npoBannbie c tomkoh BKpanjiennocTbio cyab(|)HAOB. B IO>kiioh nacrn 
MecTopo>K;ienn«, nanpOTHB, npeoGjiaaaer rne3;ioBo-BKpan^ennoe opyaenenne b raKcnroBbix 
nopoaax. 

Co,aep>KaHHH UBCTHblX H GjiaropOUHblX MCTaAJIOB GbIJIH H3yMCHbI H3 UITy(j)HbIX o6pa3UOB 
KepHa ckb. OM-4 n OM-24 npoSnpHbiM mctoaom b MHCTHryre pyaHbix MecropowaeHHH HAHY (r. 
KneB), aHajiHTHK A.A.IOuihh. Pc3yjibTaTbi 3thx aaHHbix npHBeacHbi b Ta6jinue 6.3. 

B HiyHeiiHn cocTaBa pya, o6napy>KenHH Munepaabi Gjiaropoanbix MerajuiOB npnnHMajia 
ynacTne reonor 1 KaTeropnH OOO «IIopHjibCKreo;iorHfl» M.H.TymeHuoBa. CocTaB rjiaBHbix 
pyaoo6pa3\TOLnnx cyjib(j)HAOB. a Taocc peaKnx. b tom mhcjic, MHHcpajioB GaaropoaHbix MCTajuiOB 
6biji H3yMCH b FEOXH PAH c noMombio MHKpo30Haa Cameca SX 100 (aHajiHTHK I I.II.KoHOKOBa). 



TaSjinua 6.3. CoaepHcaHHfl uBeTHbix h 6;iaropo;iHbix MeTanjiOB b py,aax MacjiOBCKoro 
MecTopo>K,zieHHfl, i7t 


N° 

No o6p. 

i ■ 

Au 

pt 

pd 

Rh 

Pt+Pd 

Pd/Pt 

Ni 

Cu 

Ni/Cu 

1 

OM-4/ 1007.5 

1.15 

0.086 

0.370 


0.46 

4.30 

1636 

203 

8.07 

2 

OM-4/ 1008.2 

0.28 

0.160 

1.200 

0.03 

1.39 

7.50 

2242 

975 

2.30 

3 

OM-4/ 1009.8 

0.32 

0.200 

0.180 


0.38 

0.90 

1808 

328 

5.52 

4 

OM-4/ 1011.7 

0.81 

0.045 

0.480 


0.53 

10.67 

1441 

90 

16.02 

5 

OM-4/1013.2 

0.13 

0.240 

0.180 


0.42 

0.75 

3367 

1932 

1.74 

6 

OM-4/ 1014.0 

0.13 

0.360 

0.620 

0.03 

1.01 

1.72 

3175 

1819 

1.75 

7 

OM-4/1016.0 

0.07 

0.115 

0.650 


0.77 

5.65 

3180 

2142 

1.48 

8 

OM-4/ 1017.0 

0.05 

0.095 

0.680 


0.78 

7.16 

2315 

1158 

2.00 

9 

OM-4/1022.0 

0.10 

0.180 

0.850 


1.03 

4.72 

3169 

4755 

0.67 

10 

OM-4/1028.5 

0.07 

0.200 

0.570 


0.77 

2.85 

2558 

3320 

0.77 

11 

OM-4/1029.3 

0.52 

5.590 

22.00 

1.9 

29.49 

3.94 

44587 

235987 

0.19 

12 

OM-4/1031.4 

0.11 

0.085 

0.750 


0.84 

8.82 

1517 

481 

3.15 

13 

OM-4/1032.3 

0.14 

0.110 

0.480 


0.59 

4.36 

1577 

301 

5.24 

14 

OM-4/ 1032.7 

0.02 

0.250 

0.330 

0.02 

0.60 

1.32 

2251 

1107 

2.03 

15 

OM-4/ 1037.0 

0.94 

0.090 

0.540 

0.02 

0.65 

6.00 

2859 

981 

2.92 

16 

OM-4/ 1037.4 

0.13 

0.380 

0.570 


0.95 

1.50 

1768 

178 

9.91 

17 

OM-4/1042.4 

0.16 

0.430 

0.560 


0.99 

1.30 

3019 

1740 

1.74 

18 

OM-4/ 1045.0 

0.19 

0.620 

0.360 


0.98 

0.58 

1950 

848 

2.30 

19 

OM-4/ 1047.5 

0.06 

0.440 

0.830 


1.27 

1.89 

1790 

835 

2.14 

20 

OM-4/ 1049.0 

0.04 

0.220 

0.460 

0.24 

0.92 

2.09 

3259 

1536 

2.12 

21 

OM-4/1053.1 

0.06 

0.072 

0.650 


0.72 

9.03 

1676 

726 

2.31 

22 

OM-4/ 1060.0 

0.05 

0.430 

0.640 


1.07 

1.49 

159 

1021 

0.16 

23 

OM-4/1068.0 

0.08 

0.660 

0.880 


1.54 

1.33 

1003 

956 

1.05 

24 

OM-4/ 1073.0 

0.03 

0.070 

0.420 


0.49 

6.00 

2256 

3548 

0.64 

25 

OM-4/1082.0 

2.03 

5.060 

15.240 


20.30 

3.01 

4675 

9704 

0.48 

26 

OM-4/ 1086.0 

0.05 

0.135 

0.760 


0.90 

5.63 

190 

2297 

0.08 

27 

OM-4/1096.0 

0.01 

0.055 

0.380 


0.44 

6.91 

190 

2603 

0.07 

28 

OM-24/512.0 

0.84 

0.120 

0.840 


0.96 

7.00 

13 

18 

0.72 

29 

OM-24/513.2 

0.13 

0.060 

0.630 


0.69 

10.50 

10 

17 

0.60 

30 

OM-24/518.1 

0.03 

0.055 

0.640 


0.70 

11.64 

21 

22 

0.92 

31 

OM-24/ 529.5 

0.01 

0.005 

0.062 


0.07 

12.40 

33 

79 

0.42 

32 

OM-24/544.8 

0.04 

0.090 

0.130 


0.22 

1.44 

9 

19 

0.46 

33 

OM-24/554.6 

0.02 

0.110 

0.160 


0.27 

1.45 

10 

21 

0.48 

34 

OM-24/ 575.9 

0.01 

0.005 

0.120 


0.13 

24.00 

52 

46 

1.13 

35 

OM-24/ 584.5 

0.02 

0.080 

0.085 


0.17 

1.06 

26 

19 

1.36 

36 

OM-24/597.4 

0.01 

0.060 

0.095 


0.16 

1.58 

15 

91 

0.17 

37 

OM-24/ 608.0 

0.03 

0.020 

0.100 


0.12 

5.00 

45 

170 

0.27 

38 

OM-24/ 616.5 

0.02 

0.030 

0.090 


0.12 

3.00 

55 

308 

0.18 

39 

OM-24/624.0 

0.01 

0.005 

0.145 


0.15 

29.00 

126 

606 

0.21 

40 

OM-24/ 637.8 

0.13 

0.025 

0.440 


0.47 

17.60 

135 

400 

0.34 

41 

OM-24/647.2 

0.01 

0.030 

0.152 


0.18 

5.07 

67 

133 

0.50 

42 

OM-24/650.8 

0.02 

0.010 

0.015 


0.03 

1.50 

75 

238 

0.32 
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Pd/Pt ♦ + 

♦ ♦♦ 

♦ ♦♦ ♦ 

5 ♦ 

♦ 

0 

0 2 4 

Phc.6.10. /lnarpa\iMa Pd/Pt - Ni/Co ,ttih pyu MacjiOBCKoro m ecTOpo/K/te hhh 
K aK OTMeHaJiocb Bbiuie, napfluy c paccMOTpemibiM Bbiiue BonpocoM o cbjbh reoxHMHuecKHX 
ocoSeHnocTefi nHTpy3HBOB c MacuiTaSoM opy^eneHHH (rjiaBa 3). BoiiiHKaer Bonpoc o iiajiHHHH hjih 
OTC yTCTBHH KOppeJIflUHH MOKUy COCTaBOM HOpOU H XHMHMCCKHM H MHHepaJIbHbIM COCTaBOM 
3aKjiioHeHHbix b hhx pyu (Mg# nopou - Pt/Pd. Ni/Cu. Co/ Ni b pyuax, HanpHMep). CpaBHHTejibHbifi 
aiiajiH * cpe ( aneB3Bememibix coctbbob nopoa h Bicpaiuiemibix pyu npoBeuen jx jih onopubix CKBa>KHH 
MCCTOpOHCACH h h HopHJibCKoro py;iHoro y3;ia (ra6ji.6.4): OM-4 w OM-24 MacjiOBCKoro 
MecTopoHcaeHHH, BCKpbmaiomHe mrrpy3HBiibie nopoabi MaKCHMajibHOH moluhocth (380 w 420 m) b 
CCBCpHOH H lOKHOH HaCTflX COOTBCTCTBCHHO, H MC-31 MCCTOpO/KUCHHfl HopHJIbCK 1. 

B pa3pe3e na ceBepe MacjiOBCKoro MecTopo>K.aeHHJi uoMHHHpyioT BbicoKOMarne3HajibHbie 
ra66po- ( aojiepHTbi, cocTaBjiaa ubc rpcm o r ero moluhocth. IO>khoc HH rpyiHBuoc tcho OTjiHuaeTCfl 
npHHUHriHajibHO hhum BHyrpeiiHHM crpoeimeM: nHKpHTOBbie ra66po-uojiepHTbi o6jia;taior oueHb 
He3HaHHTeJlbHOH MOlUHOCTbLO (OKOJIO 15 M). B TO Bp6M51 KaK MOLUHOCTb TaKCHTOBbIX ra66pO- 
UOJICpHTOB B HH>KHCH HBCTH HHTpV3HB3 COCTaBJIHCT 50 M. 3TO OTpa'A'aCTCfl Ha COCTaBaX HHTpy3HBOB, 
cpeuHCB3BeLucHHoe co.aep>KaHHe MgO b KOTopbix OTJiHHaeTCfl oojiee. neM b 2 paia. cocTaBJiaa 16.68 
h 7.65 Mac.% cooTBCTCTBeH ho juih ceBepHoro h icxcHoro reu (raoji.6.4). ripoMe>KyTOHHoe 3HaueHHe 
MgO= 11.90 Mac.% xapaKTepno jxjih HopHJibCKa 1. Mexcay tcm. Ni/Cu oTHouieuHe 6jih3ko b 
paccMOTpcHHbix nopouax ncpBbix UByx MaccHBOB, b to BpeMfl KaK b nocjieuHCM Mcub ua>Kc 
UOMHHHpveT Ha jx hhkcjicm. Koppe.iflUHfl MOKuy Ni h MgO ycTanaBjiHBaeTCfl TOjibKo npn HH3KHX 
KOHueHTpauHHx Ni (lO.MacjiOBCKHH hhtpv3hb, R 2 =0.72), npw noBbimeHHH couep>KaHHH cyjib(])HuoB 
b pyuax Tra 3aBHCHMOCTb ocjiaoeBaer (R 2 =0.38 jxjih HopHJibCKa 1). AuajiorHHna« KapTHHa 
HaSjuouaeTCH h ujia Co, nocKOJibKy npw hh3khx KOHucHTpaunax oh, Taicxce KaK h HHKejib, bxouht b 
BHue h 30 mo pc|) hoh npHMecH b ojiHBHH (174-206 ppm, Krivolutskaya et al., 201 2|). Ho jxnn Mean, 




nepepacnpeflejisnomeHca b ochobhom b cy.ib(j)H^Hbm pacnjiaB npn 0T,nejieHHH ero ot CHJiHKaTHoro, 
raKHe 3aKOHOMepHOCTH OTCVTCTBVIOT. MaKCHMa.lbHbie 3HaneHHH Ni/Cu OTHOUieHHfl B py,aax 
IIopHJibCKa 1 w CeBepHoro MacnoBCKoro MecTopoacieHHfl .nocraraKyr 16. b to BpeMfl KaK b 
6ojibuiHHCTBe o6pa3UOB H3 IO>KHoro Mac;ioBCKoro NiecTopo>K^eHHH Cu flOMHHHpyeT HaNi 
(Ni/Cu<l). 

Pd/Pt cooTHonieiine b pyaax oobiHiio KOJieojieTca okojio 3 , hto thhhhho h ,ojih HopnibCKal, w 
jyia CeBepHoro MacaoBCKoro MecTopoK^eHHH (r/ie oho .aocrnraeT 5-6). B p #ax K)>kho- 
MacjiOBCKoro Hinpy3HBa oho CHnwaercH iiohth jxo 1, xoth npn hh3koh \iarne3najibHOCTH 
cjiaraiomux ero riopo,a cjieaoBajio 6bi (mnuaTb yBennHennfl Pd/Pt oTiiomeimH. 


IaGjiHiia 6.4. Cpe/uieB3BemenHbiH cociaB HHTpy3HBOB HopHjibCK 1, CeBepo- h IO>kho- 


MaCJIOBCKHX. 


PIlITpyiHB 

Ckb..N» 

Si0 2 

Ti0 2 

A1 2 0 3 

FeO 

MnO 

MjiO 

CaO 

Na 2 0 

CeBepo- 

MaCJlOBCKHH 

OM-4 

46.71 

0.70 

11.82 

12.66 

0.24 

16.68 

8.91 

1.75 

K)>kho- 

OM- 









MaCJIOBCKHH 

24 

50.42 

1.42 

14.09 

13.17 

0.22 

7.65 

9.78 

2.44 


MC- 









HopmibCK 

31 

46.99 

0.91 

16.25 

11.67 

0.15 

11.90 

9.46 

1.94 

ripo;io;r/KenHe 

CKB.-Ny 

K 2 0 

P2O5 

Ni 

Cu 

Co 

Zn 

V 

Cr 

Ni:Cu 

OM-4 

0.42 

0.09 

1173 

1135 

107 

153 

248 

n/a 

1.03 

OM-24 

0.64 

0.17 

185 

184 

53 

70 

216 

n/a 

1.01 

MC-31 

0.52 

0.15 

311 

410 

59 

75 

181 

3217 

0.76 


1 IpHMeHaiiHe. ConepyKaiina okhcjiob iiaiibi b Mac.%. ojieMeiiTOB - b t/t. 


6.2. Miniepa.ibiibiH cocTaB pya 

Cocmae cy.ib(f)udoa 

CocTaB rjiaBHbix py«aoo6pa3yiOLUHX cyjib(|)HiioB (nnppoTHHa. neHTJiaHjiHTa, xajibKormpuTa. 
KyGaiiHTa h GopnuTa) H3yneH na MHKpo30H ( zte (KpHBOjiviiKaa h .ap.. 2007. 2011). AnajiH3 npoBoziHiica 
no oGbiHHOH nporpaMMe H3VHeHHs cyjiM^UHbix MHHepajioB (tok 30H,aa 20 Ha. yKopfliomee 
Hanpa>KCHHe 15 kv, b KanecTBe otbuohob ncnonb30Banncb KaK MHCTbi MeTajuibi, TaK h chhtcthmcckhc 
(|)a3bl C H3BeCTHbI\lH CO/JCpyKaHHHMH 3Jie\ieHTOB). B TaKONl pe>KHMe HeB03M0>KH0 oiipe/tejiHTb 
coztep>KaHH5i peitKHx npn\iecHbix ojicmchtob. nocKo.ibKy hx KOHiieHTpaunn 0Ka3biBaioTca hh>kc 
npe,aejia o6Hapv>KCHHH. JXrifl oo.ibuiHHCTBa inMepaeMbix 3Jie\ieHTOB TonHocTb aHajiH3a cocTaBjiajia 







ZiecflTbie aojih npoueHTa. Onpe^ejieHHe As. Se. Sb BbinojiHHJiocb no cneunanbHOH nporpaMMe (tok 
200 Ha, BpeMH cneTa - 3 

Ta6jmua 6.5. CociaB rjiaBHbix py^ooopa3yK)inHX cyjib(^H,aoB H3 MecTopo>KneHHH IO>KHoe 


MacjiOBCKoe n HopnjibCK 1 (\iac.%) 


in 

TablsOl- 

1518 

N sample 

Cu 

Co 

Fe 

Ni 

S 

As 

Se 

Total 

Fe/Ni 

1 

OM-24/689.3 

0.24 

2.41 

28.6 

35.34 

30.38 

0.110 

0.044 

97.10 

0.81 

2 

OM-24/809.3 

0.09 

1.18 

28.8 

37.87 

32.43 

0.061 

0.040 

100.49 

0.76 

3 

OM-24/846.3 

0.11 

0.79 

30.45 

35.65 

33.53 

0.044 

0.097 

100.67 

0.85 

4 

OM-24/847 

0.26 

1.05 

28.3 

36.86 

32.55 

0.027 

0.014 

99.05 

0.77 

5 

OM-24/855.6 

0.09 

0.69 

26 

40.4 

33.24 

0.052 

0.011 

100.46 

0.64 

6 

OM-24/928.3 

0.11 

0.69 

35.1 

30.3 

31.86 

0.035 

0.000 

98.12 

1.16 

7 

Vein 1 

0.01 

0.57 

37.64 

29.19 

33.12 

0.081 

0.115 

100.73 

1.29 

8 

Vein 1 

0.16 

0.55 

35.02 

31.65 

32.98 

0.093 

0.110 

100.57 

1.11 

9 

MS-31/517.8 

0.00 

1.14 

30.30 

35.82 

32.97 

0.089 

0.107 

100.43 

0.85 

10 

MS-31/519.9 

0.05 

0.89 

31.93 

33.14 

33.59 

0.00 

0.103 

99.71 

0.96 

11 

MS-31/520.8 

0.00 

0.54 

34.86 

32.09 

33.02 

0.084 

0.105 

100.71 

1.09 

12 

MS-31/527.3 

0.00 

0.76 

30.84 

35.23 

33.55 

0.088 

0.107 

100.57 

0.88 

13 

OM-5/1093 

0.04 

0.70 

33.00 

34.49 

30.31 

0.037 

0.029 

98.65 

0.96 

14 

OM-9/1108 

0.00 

0.85 

33.6 

33.98 

30.91 

0.049 

0.013 

99.38 

0.99 

15 

OM-12/1121 

0.07 

0.58 

42.6 

23.23 

33.25 

0.064 

0.053 

99.81 

1.83 

16 

OM-1/1001.5 

0.10 

0.86 

34.6 

30.88 

32.58 

0.050 

0.034 

99.10 

1.12 

17 

OM-24/710.5 

33.90 

0.03 

31.7 

0.35 

34.64 

0.192 

0.016 

100.81 


18 

OM-24/809.3 

35.26 

0.06 

30.7 

0.09 

35.02 

0.200 

0.071 

101.40 


19 

OM-24/809.3 

36.57 

0.08 

30 

0.92 

33.66 

0.110 

0.002 

101.38 


20 

OM-24/928.3 

0.04 

0.09 

63 

0.01 

35.55 

0.063 

0.048 

98.79 


21 

OM-24/809.3 

60.07 

0.03 

13.6 

0.07 

27.63 

0.210 

0.003 

101.62 


22 

OM-24/809.3 

63.89 

0.02 

11.7 

0.02 

26.38 

0.160 

0.010 

102.18 


23 

OM-24/809.3 

55.96 

0.02 

14.9 

0.03 

27.84 

0.092 

0.026 

98.95 


24 

OM-24/833.5 

0.13 

1.06 

0.27 

62.57 

34.96 

0.010 

0.034 

99.03 


25 

OM-24/833.5 

0.15 

1.08 

0.25 

62.41 

35.28 

0.050 

0.103 

99.32 


26 

OM-24/833.5 

0.50 

1.19 

0.72 

62.69 

35.11 

0.038 

0.087 

100.36 


27 

OM-24/855.6 

0.10 

0.17 

46.4 

1.04 

51.15 

0.073 

0.053 

98.94 


28 

OM-24/855.6 

0.27 

0.04 

40.6 

6.69 

49.53 

0.061 

0.019 

97.25 



npHMenaHHe. 1-16 - neHTJiaH/iHT, 17-19 - xa;ibKoiinpH r, 20 —riHppoTHH, 21-23- 6opHHT,24-26 - 
MHJiJiepHT, 27-28 - nnpnT. 3,necb h b Ta6ji.6.6. 6.7 - anajiH3bi BbinojiHenbi Ha MHKpo30HZie SX 100 
(I)HpMbr'Cameca” b UeHTpajibHOH aHajiHTHHecKOH jiaoopaTopHH aHajiH3a BemecTBa TEOXM PAH, 
aHaJIHTHK II.II.KoHOHKOBa. 
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Ta6jiHua 6.7. CocTaB MHHepajiOB b chctcmc Pt-Pd-Sn. Pd-Te-Bi and Pd-Pb (\iac.%) H3 C. h K). MacnoBCKoro MecTopo>K^eHHH 
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TaSjiHiia 6.9 .CociaB MHHep&roB (Mac.%) b CHCTeMe Pt-Fe h Pt-Pd H3 CeBepHoro h KDatHoro 

MaCilOBCKHX MecxopO>IC3eHHH 



oop. 

MHHepan 

Pt 

Pd 

Rh 

Os 

Fe 

Ni 

Cu 

Total 

1 

0M-4/1010.7 

0M-12 

CaMop. Pd 

0.06 

99.8 

0 

0.03 

0.04 

0,2 

0.51 

100.48 

2 

1121.9 

Cu-Pd alloy 

0.21 

93.6 

n/a 

n/a 

1.25 

0.5 

5.02 

100.62 

3 

OM-9 1123.7 

Native Pd 

25.63 

73.5 

n/a 

n/a 

0.19 

0.26 

0.76 

100.35 

4 

OM-9 1123.7 

Pd-Pt alloy 

55.82 

41.6 

n/a 

n/a 

0.79 

0.31 

0.92 

99.45 

5 

OM-9 1123.7 

Pd-Pt alloy 

68.30 

28.3 

n/a 

n/a 

1.22 

0.62 

1.66 

100.05 

6 

OM-9 1123.7 

Pt-Fe alloy 

68.29 

0.49 

0.22 

n/a 

27.5 

1.45 

1.70 

99.64 

7 

OM-9 1123.7 

Pt-Fe alloy 

63.8 

1.51 

0.27 

n/a 

30.2 

2.31 

1.82 

99.94 

8 

OM-9 1123.7 

Pt-Fe alloy 

68.74 

0.18 

0.19 

n/a 

27.7 

1.35 

1.15 

99.32 

9 

OM-4/1010.7 

PtiFe 

84.77 

1.16 

0.3 

0.5 

10.2 

0.64 

1.02 

98.63 

10 

OM-4/1010.7 

Pt 2 Fe 

84.95 

1.52 

0.22 

0.62 

10.3 

0.55 

0.91 

99.09 

11 

OM-4/1010.7 

Pt 2 Fe 

83.51 

1.50 

0.44 

0.59 

11 

0.8 

0.89 

98.74 

12 

OM-4/1010.7 

Pt 2 Fe 

85.5 

0.95 

0.36 

0.24 

11.1 

0.88 

1.00 

100.02 

13 

OM-4/1010.7 

Pt 2 Fe 

85.55 

0.24 

0.39 

0.49 

10.5 

0.52 

0.65 

98.36 

14 

OM-24/868.6 

(Pt, Fe) 

88.82 

0.38 

0.43 

0.52 

9.61 

0.04 

0.42 

100.22 

15 

OM-16/928.8 

(Pt. Fe) 

86.66 

0.61 

0.46 

0.61 

10.6 

0.31 

1.03 

100.23 

16 

OM-24/837.1 

(Pt, Fe) 

86.88 

0.32 

0.28 

0.25 

11.4 

0.21 

0.73 

100.11 

17 

OM-16/928.8 

(Pt. Fe) 

86.66 

0.61 

0.46 

0.61 

10.6 

0.01 

0.31 

99.21 

18 

OM-9/1123.7 

PtFe* 

75.81 

0.31 

n/a 

n/a 

15.9 

3.86 

3.86 

99.76 

19 

OM-9/1123.7 

PtFe* 

76.03 

0.32 

n/a 

n/a 

14.2 

4.6 

4.53 

99.69 


9. ( Pt 1 .9 8 Pdo.05Rho.O I Oso.o I ) 2.05 ( Feo 83NIo.OsCuo.07)o.95 
] 0. (Pt|. 9 8 Pdo. 06 Rho 01 Oso.o 1 ) 2.06 (Feo. 8 3Nio.04CUo.07)o.94 

11. (Pt 1.91 Pdo.o6Rho.o20so.o 1 ) 2.00 (Feo 88 Nio.o6Cuo.o6) 1.00 

12. (Pt1.91Pd0.04Rh0.02Os0.01)..98 (Feo. 88 Nio.o7Cuo.i7)i.o2 

13. (Pt2.0|Pdo.O|Rho.020So.Ol)2.05 (Feo.86Nio.o4CUo.05)o.95 


mhh.) 3thm yaaBajiocb AOCTHrarb noBbiineiinoH HVBCTBHTejibnocTH b H3MepeHHHX 3 thx ajieMeiiTOB. 
CociaB cyab({)HOTbix MHHepajioB npHBeaeH b Ta6ji. 6.5, 6.6. 

I laHOOJibiiiHH HHTepec H3 M3VMeHHbix cyjib(|)H,iHbix MHHepajioB ripe.’iCTaBjiaer 1 leHTJiaii/inr, 
nocKOJibKy cocTaB ero cymecTBeHHO BapbHpyeT He TOiibKO b upejejiax py,rnbix Tea, ho h chjibho 
M eiiMerca b pa3Hbix xniiax pyu pa3Hbix m ecTopo>KaeH hh. I Ipn paccMOTpeHHH ero cocraBOB oGpamaior 






na ce6a BHHMaHHe cymecTBOBaiiHe aByx pa3iibix hjichob H30Mop(})Horo paaa - c npmviepno paBHbiM 
Ta6jiHua 6.10. CocTaB MHHepajioB b cHCTe\ie Ag - Au -Cu (Mac.%) 



JV9 o6p. 

Ag_ 

Au 

Pd 

Cu 

CyM\ia 

1 

OM-4/1005.2 

1.04 

66.68 

7.58 

25.21 

100.51 

2 

OM-24 868.5 

98.15 

1.12 

0.00 

0.01 

99.28 

3 

OM-4/1003.5 

32.01 

66.56 

1.66 

0.02 

100.25 

4 

OM-4/1005.2 

54.3 

45.71 

0.22 

0.00 

100.23 

5 

OM-24 941.4 

19.32 

81.42 

0.53 

0.00 

101.27 

6 

OM-24 941.4 

18.7 

80.79 

0.6 

0.00 

100.09 

7 

OM-24 /941.4 

19.32 

81.42 

0.53 

0.00 

101.27 

8 

OM-24 941.4 

34.01 

65.56 

0.23 

0.02 

99.82 

10 

MS-31/527 

70.96 

25.14 

2.86 

0.00 

101.02 

9 

)Kn;ia 1 

70.96 

25.14 

2.86 

0.11 

99.07 

11 

)KH^a 1 

3.75 

75.79 

5.84 

0.50 

101.02 


coAcp>i<aHHCM >KCJie3a h hhkcjim b MHHcpajic (Fc() - 34 , Ni - 33 Mac.%) h c pc3KHM ao mh n h poBan h e 
imKejiH (FeO - 24 , Ni - 42 Mac.%). /IpyrnM nirrepecnbiM acneKTOM xhmh nee koio coeraBa 
neHTjiaH^HTOB hbjihctch paciipeae.ienHfl b hcm KooaabTa. B myneHUbix o6pa3uax BKpanjieHHbix pya 
MacaoBCKoro MecTopoacaeHHfl ycranoBneiibi nn3Kne Konuempaunn Kooajibia b Mnnepaae, KaK 
npaBHJio, lie npeBbiuiaiomne 1 Mac.%.(aHiub b oanoM 3epne 3a(|)HKcnpoBanbi coaepwanna L84 
Mac.%). ()6biHHO ero coacp>KaHHfl b ncHTaaHanTax nopnjibCKHx MecTopowacHiin necKOjibKo Bbiuie n 
cocTaBJiMCT 2-3 Mac.% (Fchkhh h zip.. 1981).B aannoM cjiynae noavnemibie hbmh aainibie no 
cocTaBaM neHTjiaH/iHTOB H3 BKparineHHbix pya IIopujibCKa 1 (KpnBOjiyuKaa. 2006 (|)) 

CBH/ierejibCTByior o XHMHHecKOM cxoacTBe hx c neHTjiaHanTaMH MacaoBCKoro MecTopoKzieHHfl - 
ypoBenb ko n ueiiTpaiiH h Co KOJieo.ieTca ot 0.6 ao 1.4 Mac.%. 

B nejiOM 3 to HH3Kne koh neHTpann h Ko6aabra aa« aaHHoro MHHepaaa. nocKOJibKy n3Becrno, 
hto b pyaax apyrnx MeaHo-HHKeacBbix MecTopoyKaeHHH HaoaioaaioTCfl cymecTBeHHbie Bapnaunn 
co;iep>KaHHH 3Toro Meraaaa: or 2-3 Mac.% ao 18 Mac.% b neHniaHanrax MecTopoacaeHHH 
MnnencKoro MaccHBa b CeBepiioM 3aoanKaabe. w aaace ycTanaB.iHBaioTCfl nepexoabi k hhcto 
K ooajibTOBon ero pa3HOBHaHocra. rae coaep>KaHHe KooaabTa aocmraioT 56 Mac.% (pvaonpoABjicHne 
Cteepnoe, BoHKapo-CbiHbHHCKHH MaccHB: I'oHrajibCKHH, KpriBOJiyuKafl, 1993). 

FlnppoTHH BapbnpyeT no cocTaBy He3Ha i iHTeabHO. KOHLieHTpaunn yK*ejie3a MCHaioTCfl b hcm b 
cpeaHeM b ripeaenax 60-62 Mac.%. a cepbi - 37-38 Mac.%. OaHO 3epHO xapaKTepimercfl necKoabKO 






HHbIMH COOTHOUieHHHMH >KeJie3a H Cepbl -63 H 36 % COOTBeTCTBeHHO. OOblHHO BapbHpyiOIIIHe rio 
CTeXHOMeTpHH nHppOTHHbl flBJIflfOTCH pa3HbIMH ero KpHCTaJIJIOrpacj)HHeCKHMH pa3HOBHOTOCTHMH: 
rpoHjiHT xapaicrepH3yerc« paBHbiM kojihhcctbom cepbi h >*cejie3a (ar.%), a m oho kji hhhbi m h 
reKcaroiiajibiibiH OTKJiOHHiOTca ot FeS k Fei-x S. Hanoojiee thiihhhoh npHMecbio b rmpporane 
HBJiHeTca HHKejib. Oh hoctohhho npneyTCTByeT b H3yneHHbix 3cpHax 3Toro MHHepajia H3 
BKpan:ieHHbix pyj\ MacaoBCKoro \iecTopo>K^eHHa. MaKCHNiajibHbie ero KOHueHTpauHH o6biHHO 
THnHHHbi jinn TponjiHTa (2,65 Mac.%). KoHueHTpauHH KooajibTa b riHppoTHHc hh3kh, coaepacaHHe 
^ocTHraFOT 0.14 Mac.%. XajibKormpHT hbjihctch MHHepanoM HCKJiioHHTejibHo CTa6HJibHoro cocTaBa, 
cooTHomenHfl b HeM iviaBHbix 3JieMenTOB - cepbi, Me^H h >Ke;ie3a - npaKTHHecKH riocroHimbi. /I,jih 
H ero xapaKTepua (|)aKTH i iecKH nojinaa «cTepnjibHocTb» no cpaBHeHHio c .apyrnMH py^HbiMH 
MnnepajiaMH b OTiiomenHH 3JieMeirroB-npHMeceH. 1 Iocjie;uiHe ycTanaBJi hB aiorcH tojibko c noMombio 
cneunaibiio pa3paooTaHHbix mcto^hk onpe^ejieiniH na MHKpo30H^e hjih jia3epHOH aGnauHcn. Pance 
(KpHBOjiyuKaH, 2006 (|) - othct 3a 1 3Tan) Ha\in 6buio noKa3ano. hto 3TOT MHHepaji iioctohhho 
co;iep>KHT b CBoeM cocraBe cypbMy h mi>iiiii>hk naypoBiie coren rpaMMOB na Toimy. 

Pacnpe/iejieHHe 3JieMeHTOB-npHMeceH, b nacTHOCTH, 3Jie\ieHTOB iuiaTHHOBon rpynnbi, 30Jiora, 
poma, a raiOKe cypbvtbi, MbiwbflKa w ;ip.B maBHbix py«aoo6pa*yiomHX cyjib(|)H;j,ax - imppormie, 
rieiiTJiaHAH re h xajibKormpuTe - 6bino Hiyneno c noMombio Jia3epnoH a6;iflHHH, nyreM CKanHpoBanH« 
noBcpxHocTH noiiHpoBaHHoro imiH(|)a ;ia3epHbiM jiynoM (^HaMCTpoM 10 mk) b Laurentian University 
(anajiHTHK Joseph A. PETRUS), 3THX uejiefi ncnojibsoBaiica 193 nm ArF excimer Jia3ep, 
cKOpocTb CKaiiHpoBaHHfl cocraBjiajia 5 pm/s, nacTOTa 5 I n. Hcnap*nomHHCfl Marepnaji bi>ihochjic« 
iiotokom aprona, i cjihh h a30Ta b Macc-cneicrpoMeTp. J\j ih KajinGpoBKH Hcnojib30Bamcb CTaH/iaprbi 
NIST 612, NIST 610 (c hhtcth neeKHe creKJia c 3aaaHHbiMH coiie p >Ka h h hm h npHMecHbix 3JieMemoB) h 
Po725-T2 (cyjib^nzuibm CTan^apT c npnonH3HTejibHO 40 ppm of PGEs and Au. Sylvester et al. 2005). 
Y poBCHb onpe^eneHUJi njiaTHHOBbix MCTajuioB. 3o;ioTa h pchhh cocTaBHJi ot 10 ,io 300 ppb (xyjjinnH 
BapnaHT ana penna). 

nojiyncHHbie KapTbi pacnpe/iejieHHfl 3 j1cmchtob (puc. 6.11. 6.12) cBH^eTe/ibCTByioT o tom, 
hto iipaK'iHHecKH Bee pe/iKHe iijiaTHHOBbie MeTajuibi - Ir. Os, Ru w Ru - KOHiiempHpyiorcfl b 
nnppOTHHe (na ypOBHC HVBCTBHTeJIbHOCTH MeTO^a), B TO BpeMfl KaK Pd. Rll H, B MeHbHJCH CTeneHH Pt, 
- b neHTJiaii,aHTe. CepeGpo (Kax h 30jioto) napjuy c neHTJiaiijiHTOM HaKanjiHBaeTCfl TaiGKe h b 
X ajlbKOnnpHTe. OztHaKO 3TH 33KOHOMepHOCTH OTHeTHHBO BHJHbl aiH CVJIb(|)HjlOB CcBepHOTO 
MaejiOBCKoro MecTopow/teHHa, n hohth He npoHBjieHbi jx jih IO>KHoro MacjiocKoro. nocKOJibKy, no- 
BH/iHMOMy, ypoBeiib KOime»rrpauHH coitep/Kauinxca npHMecefi b ero cyjib(l)Hnax 3HaHH rejibiio nn>Ke. 















Phc. 6.12. PacnpeviejiCHHe 3Jie\ieHT0B njiaTHHOBOH rpynribi, cepeopa h penna b py;ioo 6pa3 yiowH x cyjn><|)n;iax CepHoro MacjiOBCKoro 
















C'ocmae Muiiepaioe O.iapopodiibix .uemavioe 

MHHeparibi 6jiaropo;iHbix MerajuiOB bo BKpanjieHHbix pyjiax MacjroBCKoro 
m ecTO poncjie h h 5i ycTanoBjienbi npeH\iymecTBeHHO b ceBepnon nacTH MecToponmeHHa. 
BbUeJlCHHa HX B OCHOBHOM npHVpOHeHbl K TOHKHM CyjIb(|)HJIHbIM IipOHCHJlKaM B nHKpHTOBbIX 
ra66po-ziojiepHTax, a TOHHee k hx 3anb6aHjiaM. BbmeJieHHn GjiaropojiHbix MeTajuioB b pyjjax 
npo^CMOHCTpnpoBaHbi Ha puc. 6.13. Pence BCTpenaioTCfl ejiHHHHHbie 3epHa cpejin cyjib(j)H^Hbix 
BKparuieHHHKOB hjih noponooopa3yK)inHx MHHepaiOB. Ha pnc. 6.14-6.19 TOHKaMH c HOMepaM h 
noicaiaiibi H3yHeHHbie MHHepajibi, cocTaB hx npHBe^en noji cooTBeTCTByiomHM HOMepoM b 
T a6jiHue 6.8. 

HanGojiee Kpynnoe cKoruieHne 3epeH GjiaropojiHbix MerojuiOB (okojio 300 mkm) 
ooHapynceHO Ha KomrucTe icySaHHTa c CHJiHKaTHbiMH MHHepajiaMH (phc. 6.13. o6o3HaneHO 
PGM). UpH AerajibiioM paccMOTpeH hh b OTpanceHHbix ojieKrponax h xapaxrepHCTHnecKOM 
H3Jiy i ICHHH pa3JIHHHbIX 3J1CMCHTOB BbIHCHHJIOCb KpaHHe HCOilHOpOjlHOe cTpoeuHe pajia (j)a3, a 
Taoce HajiHHHe 30Hajibiibix KpncTajuioB. B arperaTe npeoGjiajiaior coe^HHeHHfl njiaTHHbi h 
najuia;3HH - TeTpacJiepponjiaTHHa. njiaTHHa c npHMecbJo naiuiajXHn. a Taoce coejiHHeHHfl 
njiaTHHbi h najuiaaHH c ojiobom h TejuiypoM (b tom HHCjie MacjiOBHT). B HeKOTopbix (|)a3ax 
npncyTCTByeT BHCMyT. 3onajibHbie KpHcrajuibi xapaKTepiibi jx jih hi iTpeMeTan ji hjiob Pt. Pd, Sn h 
Te: ueiiTpajibiibie nacru co/iepncar 6ojibiue njiaTHHbi, neM nanjiazuM npn pamibix cojiepncaiiHax 
oxioBa h Tejuiypa. IlanGojice ojwopoflHbiMH b 3tom arperaTe 3epen hbjihiotch KpHCTajuibi 
Tcrpa(|)eppon;iaTHHbi, h cocahhchhji njiaTHHbi c naiuiajineM. PaiMep (|>a3 b cpejincM omchb 
M ejiKHH juih iipoBejieimH KOJiHHecTBeHiiro anajiH3a. no3TOMy or/iejibiibie jepua onpejaejiHTb 
tohho He yjiaiocb. 

^ocTaTOHHO nacTO b pyaax oGnapyncHBaioTcn KpHCTajuibi cneppnjiHTa, icoTopbie b 
OTJiHHHe ot HHTepMCTanjiHjioB ojioBa. Tejuiypa h cypbMbi, BCTpenaiOTCfl name Bcero b BHjie 
e/iHHHHHbix KpHcrajuiOB. Ojihh H3 hhx HaxojiHTcn cpe;w KySaHHTa b accounanHH c nHpHTOM 
(npozieMOHCTpHpOBaH na puc. 6.14. oh coaepncHT Mejixoe Boioneime caMopojuioro jojiotb. 
Xlpyroe 3epno cneppnjiHTa. oneiib HenpaBHJibHOH (|>opMbi, pacnoiiaraeTcn na rpannue 
CyjIb^HJlOB H CHJIHKaTOB (pHC. 6.16). 

Pence cneppHJiHT oGnapyncHBaeTcn b accounauHH c .apyruviH MHHepajiaMH ojiaropojiHbix 
MeTajuioB (pnc.6.18). llpn otom oh cocymecTBveT c coejwHeHHflMH njiaTHHbi - ncejie30- 
HHKejieBbiM cnjiaBOM, oGoramemibiM jio 11 Mac.% Meabio. Bo Bcex accouHaunnx cneppnjiHT 
co^epncHT cyuiecTBCHHvio npuMecb ncejie3a, ocooeHHo b nocjiejiHeM cjiynae (jxo 3.2 Mac.%), 








Phc. 6.13. Ooluhh bh jx BbmejieHHH njiaTHHOBbix MeTanjiOB b py;iax MacjiOBCKoro 
MecTopo^eHHfl. OTpa>KeHHbie 3JieKTpoHbi. Cep -xajibKormpHT, Po-nnppoTHH, Pt-Fe->Kejie3o- 
njiaTHOBbiH ciuiaB, Zv-3B5irHHueBHT. Bn-6opHHT. Put-nyTopaHHT. On-raneHHT, Ilm-HJibMeHHT, 
Mt-Mai HeTHT, PGM-arperar MHHepajiOB njiaTHHOBbix MeTajiJiOB 










najuiaana (ao 6 Mac.%), a Tarace hhkcjih ;io 0.25 \iac%), Mean (ao 6%), cepbi (ao 0,96 Mac.%) 
h b o i ieHb HeOojibiuoM KOJiHHecTBe - Tejijiypa (ao 0.17 Mac.%). 

B CHCTCMe Pd-Sb-Sn-Bi (p h. 6.15) ycTaHOBJieHbi npoayKTbi pacnaaa TBepaoro 
pacTBopa: ocuoBiiaa nacTb 3epHa (Marpmia) HMeeT npeuMvmecTBeHHO Sn - Sb -Pd cocTaB. b to 
BpeMfl KaK b jiaMejiHX noaBaaeTca Bi 3a cneT pe3Koro chhacchha coeaepwaHHa Sb (c 12, 23 ao 
4,9 h naaaaaHa (c 68.63 ao 58,66 Mac.%).. XapaicrepHO npaKTHnecKH nojiHoe oTcyTCTBHe 
njiaxHHbi, He6ojibiiiHe coaepacaHHa (0.18 Mac.%) 3ac|)HKcnpoBaHbi TOJibKo b jiaMejinx. 

HuTepecHa Haxoaxa (pwc. 6.17) caMopoaHoro naaaaana (Pd-93 Mac.%) npaicniHecKH 
jiHiiicHHoro njiaTHHbi (0,21 Mac.%), xota no KjiaccH(])iiKauHH caMopoaHbix 3 jicmchtob 
najuiaann coaepacHT 18% Pt n HMeeT (jjopMyay Pd.Pt. Ejih3Khh k ttomv cocTaB 6 mji onpeaeaen 
aaa oaHoro H3 3epcH naaaaana (c coaepwaHHeM njiaTHHbi ao 25 Mac.%) EecnaaTHHOBbin 
nanaaaHH xapaKTepHjyerca neGojibinoM npHMecbio Mean (5 Mac.%), a raK>Ke coaepacHT 
KoGajibT h acejie3o 0 1 7h 1,2 5 Mac.% co (tbctctbchho). Oh b BHae BbiTanyroro 3cp ia 
nenpaBHjibHOH (|>opMbi pacnonaraeTca na rpanHne cyjib(|)HflHbix MHiiepanoB c CHJiHKaTHbiMH 
(pnc. 6. 17), Kax h GoabuiHHCTBO MHHcpanoB GaaropoaHbix MeTajuioB. /locTaTonno nacTo 
BCTpenaeTca caMopoaHoe cepeGpo (pnc. 6.18). 

KaK Gbuio noKa3ano b nanaae ttoh TJiaBbi, cpeaneB3BeiuennbiH cocTaB HHTpy3HBOB. 
noacMHTaiiiibiH no onopnbiM CKBa>KHnaM. ne cooTBeTCTByeT cocTaBy JiOKariH30BaHHbix b hhx 
pya. Kohcmho. TaKHe cocnocraBacHHa no eaHHHHHbiM CKBaatHHBM hc aaiOT nojiHoii 
HH(|)opMauHH, o;maKo HiBecTHbie jTHTepaiypubie .Tamibie noaTBepwaajOT 3 th BbiBoaw. 
llanGonee KOHTpacTHbiM h noaaaiowHMca yneTy aBaaioTca koh nenTpann h nnaTHiioBbix 
MCTajuioB b pyaax. ripn Gjihtkhx cpeaHeB3BeujeHHbix cocTaBax HHTpy3HBOB (cm. Ta6a. 6.12) 
cocTaB pya, ocoGeHHo coothohichhc uBCTHbix MeTajuioB k 3nr hjih b ncpecMCTe wa 100% 
cyjib(|)H,x (Haaaperr. 2003), onenb cn.'ibHO Meiiaerca ot MecTopowaeHHa k m ecropo tkj . ie hhk>. Ha 
naineM npHMepe Mbi yBHaeaw, hto no cocTaBy h MHnepajibiibiM ocoGenHocraM lOxcHoe h 
C eBepHoe MacjioBCKoe MecTopoacacHHa cymecTBenno pa3aHHaioTca (TaGji. 6.11). no najiH'nno 
h nacTOTe BCTpenaeMOCTH MHHepaaoB GaaropoaHbix MeTaaaoB pyabi CeBepnoro MacnoBCKoro 
MecTopo aaeHHa 6nH3KH k TaKOBbiM Hop mbCKa 1 , b to Bp eta KaK K)>KHO-MacaoBCKHe 
cymecTBenno oraHMaiorca ot hhx Gonee hh3khmh coaepacaiiHaMH Gjiaropoaiibix Mexan-ioB h, 
cooTBeTCTBeHHO, cocTaBOM MHHepajioB GaaropoaHbix MeTaaaoB - b hhx aoMininpyioT crniaBbi 
30Ji0Ta h cepe6pa. 






Phc. 6. 14 CneppnjiHT (14) c BicnoHeHHeM caMopaaHoro 30Ji0Ta (13) c iihphtom (15) b KySaHHTe 


(16) M3o6pa>KeHne: A - b orpa>KeHHbix 3aeKTpoHax, B -J\ - b xapaKxepHCTHMecKOM 


pcHTreHOBCKOM H3JiyMCHHH: B - AsLa, B -PtLa, V - FeKa. JJ, - Sa. 3,necb h ;iajiee b cKo6Kax 


VKa3aHbi HOMcpa aHaiH30B b Taonnue 6.8. 














Phc. 6.15. CTpyKTypa pacna.ua TBep^oro 
pacrBopa b CHCTe\ie Pd-Sn-Sb-Bi (19. 20) 




















Phc.6. 16 3epHO cnepppHJiHTa (22) b OTpaaceHHbix 3HCKTpoHax npn pa3HOM yBCJiHHeHHH (A h B) Ha 
KOHTaKTe Cyjlb(J)HaHbIX H CHJlHK3THbIX MHHepajIOB 



Phc.6. 17. Bbi/iejieiiHe caMopo/iHoi o najuia^HS (25): A - H3o6pa>KeHHe b o rpawenHbix 3JieKTpoHax, 
B- b xapaKTepHcranecKOM peHTreHOBCKOM H3JiyHeHHH PdLa 












Phc.6. 18 3epHo cneppmiHTa (28) b accomiauHH c Fe-Ni-Pt cnjiaBOM (26,27) 



















Phc.6 . 19 CaMopoOToe ccpcGpo (ocjibic MHpMCKHTonojxooHbic BbmejieHHa) cpe^H oopunra: A- 
OTpa>KCHHbIX 3JICKTpOHaX, B- B pCHTrCHOBCKOM H3JiyMCHHH AgLtt 

Ta6jiHua 6.11. PaciipocrpaHeHHOcTb (b iiopa;iKe y6biBaHH«) MHHepajiOB Gjiaropcwibix 
MeTajuioB b pyaax 


CeBepnoe MacjioBCKoe 

IO>KHoe MacaoBCKoe 

HopHJlbCK 1 

3BarHHHCBHT 

Au-Ag cruiaBbi 

Fe-Pt cnjiaBbi 

Fe-Pl cruiaBbi 

Fe-Pt cruiaBbi 

ATOKHT-Pycre66yprHT 

Atokht- 


(Pd. Pt) 3 (Sb. Sn. As. Pb) 

PycxeHoyprHT 


(Pd. Pt) 5 (Sb. Sn. As, Pb) 2 

KoTyjibCKHT Mohmcht 


KoTyjibCKHT. 



CODOJieBCKHH 


CneppHjiHT 


CneppnjiHT 







6.3. UsoTOiiHbiii cocraB cepbi 


KaK vKa3biBajiocb Bbiiue, Hanooaee OKCTpaopanHapHon ocooeHHocTbio MecTopoacaeHnn 
HopnjibCKoro panona HBaaeTca necooTBeTCTBne mouxhocth hhtpv3hbob h CBjnaHHbix c hhmh 
cyjib^HOTbix pya, kotop b i cocTaBaaiOT ao 15 06 . % (JluxancB, 1 9 9)6 ripn hh3koh 
pacTBopHMOCTH cepbi b 6a3a;ibTOBbix paciuiaBax b 6jiH3noBepxHOCTHbix ycaoBnax (0.2 Mac.%), 
COOTBeTCTByiOmHX KpHCTajl,lH3aiIHH HHTpy3HBOB HOpHJlbCKOrO KOMnJieKCa. TpyOTO B006pa3HTb 
ee H3BJieHeiiHe TOJibKO H3 hcxo^hoh \iar\ibi, c(j)opMHpoBaBweH KOHKpeTnoe MHTpy3HBiioe Tejio. 
Jinn nojiyMCHHfl Bcero o 6 be\ia cyab(|)naoB hcooxojihmo noBbicHTb pacTBopiiMOCTb cepbiB 
pacruiaBe iiomth Ha 2 nopa/ixa, hto npeacTaBaaeTCH MaaoBepoaTHbivi. 

Orcioaa B03HHKJia naea o BiieiuneM ncTOHHHKe cepbi. T.e. jaHMCTBOBaimn ee ncxoaiion 
MarMOH H3 BMemaiomHx nopoa (I'oaaeBCKHH. rpmieiiKo. 1963) in situ hjih no nyra k Ka\iepe 
KpHCTajuiH3auHH. Bo MHoroM ona 6a3HpyeTca iia cociaBe nopoa. BMemaioinnx pyaonoctibie 

MaCCHBbl, - a HMCHHO. Ha HaJIHMHH MOIUHblX npOCaOCB aHTH^pHTOB B OTaO/KCHHflX CHJiypa- 
;teBona. b KOTOpbix name Bcero ji0KajiH30Baiibi Hmpy3HBi>i. LaaBiibiM (|)aKiopoM. cayacaniHM 
nnn ztoKaiaTejibCTBa orpoMiion poan accuMHjnmHH BMemaiomux nopoa wcxoaHbiM pacnaaBOM, 
cjiy>KHT TH>KejibiH HiOToniibiH coctub cepbi HopHJibCKHX pya (IpmieiiKO. 1967. 1984; TopGaneB, 
rpHHeHKO, 1973). Kax 6biao noKa3ano LpHiieiiKo (Grinenko. 1985). hcm Kpynnee pa3Mep 
MecTopo>icaeHn>i. TeM TJDKeaee moTomibm cocraB cepbi (jjo V, S = +1 8,)hto Ka3aaocb 6bi 
cjiy>KHT /toKaiaTejibCTBOM accHMHJiauHH. Oaiiaxo Macc-oajiancoBbie pacMerbi. anaan3 
reojioi HnecKOH oGcranoBKH iipn paccMorpeiiHH MHoroMHcaemibix mn pyjHBOB panona 
rio3Boanan JI.l 1.1 pniieiiKo (1984) caeaaTb BbiBoao tom. hto anrnapnT ne ripniinMaa ynacTHH b 
aCCHMHaailHH. a TJOKCablH H30T0nHbIH COCaB cepbi HHTpy3HBOB OOycaOBaeH HaKOIiaCHHCM B 
paciuiaBax na ypomte npoMe>KyTOHHbix KaMep yraeBoaopoaoB H3 Mecropoacaeiinn nec|)i h h 
ra3a. 3aaeraioinHx b BeHa-KeMopnncKnx oTao>KeHHax Boctohhoh CnGnpn. 

TeM lie Menee, naea 06 accHMHjiaiiHH cepbi npoaojr/Kaer ne roabKo cymecTBOBaTb, ho h 
pa3BMBaTbCB: noayneHHbiH nnKeabin H30TonHbin cocraB cepbi iipeaiioaaiaerca cner ynacTHa b 
pyaoo6pa30BanHH amnapHTOB BMeutaioutnn nopoa in situ (Li et al.. 2009|; Ripley el al., 2010). 
B KanecTBe noaTBepacaenna 3toh naen aBTopaMH npHBoaHTca naGaioaaiomeeca lOMenenne 
pa3Mepa 3aaeacen (h 3anacoB) Tpex raaBHbix MecTopoacaeHHH IIopnabCKoro panoHa b 
33BHCHMOCTH ot noaoaceHna b pa3pe3e MaTepHHCKHx nopoa (b nopaaxe cHnaceHna moluhocth 
criaoniHbix pya): Xapaeaaxcxoro. pacnoaaraiomeroca b KapooHaT-aHrHApnTCoaepacamnx 
OTao/Keiinax 3y6oBCKon CBHTbi aeBoiia; TaanaxcKoro. aoKaaH30Bamioro Bbime no pa3pe3y icax 
cpean tcx ace acBOHCKnx nopoa. ho nacTHHHo n b TeppnreHHo-ocaaonHbix nopoaax TyHryccKon 
cepnn (C 2 -P 1 ) n Hopnabcxa 1, 3aaeraioiuero noaHOCTbio cpean yraeHocHbix OTaoacennn C 2 -P 1 



h cyGmejiOHHbix GaxaabTOB HBaxmicxon CBHTbi (Ripley et al., 2 0 0 Dj^iaxo rip h 
paccMOTpeHHH He rpex, a ooaee (10-15 pyaoHOCHbix hHT py3 Hbob) 3Ta xoppeaauHfl nojiHOcrbio 
OTcyTCTByeT. l ax, HanpHMep. IlacHHO-BoaoroMaHCXHH hhtpvthb, aoxaaH30BanHbin b Tex >xe 
nopoaax, mto h XapaejiaxcKHH MaccHB c v hhK ajibHbi mh cruioiuHbiMH 3aae)xaMH, BooGme He 
coaep>xnT >KHJibHbix pya, a xapaxTepH3yeTca npHcyTCTBHeM TOJibKO BxpanaeHHOH 
MHHepariH3auHH. Taxoe ace coriocTaBaeHne mohcho npoBecrw Me>xay h HTpy3H BaM h 
H opHjibCKoro pyanoro y3Jia - HopmibcxoM 1 h HopmibcxoM 2, KOTopbie 6 jih3kh no 
nojio>i<eHHio, ho cymecTBCHHo oTJiHHaioTCfl no 3anacaM pya. 3th aHanorHH mohcho 
I ipO^OJOKHTb. 

ripH paCCMOTpCHHH npOUCCCa aCCHMHJlflUHH 6a3HTOBbIMH pacnaaBa.MH aHTH^pHTa BCT3CT 
Bonpoc o MexaHH3M ero nepepaGorxH. KOTopbifi ao chx nop ocraeroi ne«cen. 
/loxaiaTejibCTBaM OTcyTCTBHH pemaiomeii pojiH anrHapnTa b KOHTaMHHauHH, xoTopoe eMy 
ripHiiaeTCH (Li et al., 2009| >2 ; Naldrett, 2009: Ripley et al., 2010), abjihctch ero Bbicoxaa 
TepMoycTOHMHBocTb (-1730 K (1400°CL LoaoBHXOB. 1983). Bo3Mo>XHOcTb pacTBopenHH ero 
pacnjiaBOM c T^^OOT noxa ocraercH coMHHreabHofi. Bbicxa3biBaaacb raxwe naea o 
pa3Jio>xeiiHH aurwapHTa (no a aeiteTBHe\i xaxHx (|)axropoB? MarMaTHMecxnx (|)jiioh;iob?) h 
^aiibiieHineH ero accHMHjnmneH \iar\ioH. Oanaxo aaa 3Toro TpeGyeTca nepepaGoxaTb 
orpoMUbie o6be\ibi aurwapHTa b HenocpeacTBeHHon 6jih3octh ot Hinpy3HBiibix Teji, mto BecbMa 
coMHHTejibno h hc naxoanT rioaTBep>xaeHHH b rcoaornMecxMx (|>axTopax. ()6napy>xcHHe 3epen 
aiHH/ipHra cpeztn raGGponaoB Taanaxcxoro HHTpy3HBa (Li et al., 2009|), cwraiomeeca 
neocnopHMbiM (|)axTopoM accuMHaannH 3Toro Munepajia h aaabneHLueH ero xpHCTaruiHiauHH 
H3 paciuiaBa, BbnbiBacT mhoto BonpocoB. Bo-nepBbix. He aoxa3aHa co6ctbchho MaiMaTHMecxaa 
ripnpoaa aurnapHTa b 3tom cayMae (nanpHMep, no H30TonHo\iy cocTaBy xncaopoaa) - 
nepeoTJio>xeHHOio amnapHTa Boxpyr Hirrpy3HBOB n BiiyrpH hhx b bh^c iipo>xhjixob h, MO>xer 
GbiTb. oTaeabiibix 3epen oMeiib MHoro. Ohh BcrpenaiOTCH ne roabxo b MaccHBax c 
y hh xaji b h bi mh pyaa\iH. ho h b caaGo pyaoHOCHbix HHTp\3HBax. HanpuMep. b tom >xe IO>xho- 
FIhCHHCXOM HHTpy3HBC (cxb. OB-36). 

Me>xay TeM, B03HHxaer Bonpoc. Hacxoabxo nryxeabw H3ororiHbiH cociaB cepbi 
cyab(|)naoB MO>xeT 6biTb oGycaoBaen Toabxo ynacTHeM aurnapHTa b npouecce oGpaiOBaiiHH 
pya? Tax. HanpHMep. C.T. Kpa>xeBbiM (2003) Gbiao npoaeMOHCTpnpoBaHO, mto TH>xejibiH 
H30Tonnbin cocTaB cepbi b cynb(j)Haax obia xapaxTepeH ana MecTopovxaeHHH CnonpH 
(EHHceHcxHH xpa>x) erne b npoTepo3oe. xoraa hh xaxnx aHrnapHTCoaep>xauiHx Toaur erne hc 
cymecTBOBaao. HeaaBiio Gbiao noxaxano. mto npoabi. oGorainemibie T«>xeabiM H30TonoM cepbi, 
noaBnancb na 3eMae, HaMHHaa c paHHero npoTepo3oa (Farquhar et al., 2010). 



Eme oahhm apryMemoM npoTHB cyinecTBeHHofi ponn accHMHJiauHH b 
pyzioo6pa30BaHHH, KOTopaa en npn^aerca. aBjiaerca HecoorBercTBHe H3oroiiHoro cocraBa cepbi 
H CTpOHlIHa B HHTp\3HBHbIX nopO^aX. TaK, JUin CVmeCTBeHHO KOHTaMHHHpOBaHHOrO Hh>khc- 
TajiaHaxcKoro \iaccHBa ycTaHOBJieHbi noBbimeHHbie 3HaneHHa pa^HoreHHoro cTpoHuna, (0.709) 
Koppe.iHpyioiiiHecfl c oSoramcHHocTbio nopoj jierKHMH 3Jie\iemaM w , a hmchho hx 
o6orameHHOCTbJO jiHTO(|)HjibHbi\iH 3 j 1 e.MeHTa.MH. (XiHaKo h30to iihbih cocraB cepbi 
3aKJlIOHeHIIbIX B HHX CyJIb(j)H.aOB 0J1H30K K MailTHHHOMy (+1-+3). HanpOTHB. JXJIH TajianaxcKoro 

HHTpy3HBa. oopa30BaHHC cnjiouiHbix pyu KOToporo cBa3biBaeTca c accHMHJiauHCH 6ojibuioro 
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o6i>eMa anrH^puTOBoro MaTepna.ia, THnHMHbi HH3KHe iiianenHa cTpormna ( Sr/ Sr - 0.705- 
0.706) h iieoGoramemibie cneKrpbi pacnpe;ie;ieHHa pe^KHx 3JieMenTOB. no BbicoKiie - 5 34 S (^o 
+ 15°/oo). 



Phc. 6.20. Cneicrpbi pacnpe/iejieHHa pejiKHx 3JieMeiiTOB h H30TomibiH cocraB cepbi 
Zina rajiHaxcKoro pyaHocHoro h I In/KHe-Ta.iHaxcKoro 6e3pyaHbix hHT py3HBOB 

I IeB03M0)KH0CTb 3aHMCTBOBanna T«>KejioH cepbi H3 BMemaiomux nopoji 6buia 
ripozieMoiiCTpupoBaiia iiaM na npuMepe Mac.ioBCKoro MecTopo/K^enna. Ero pyjibi Mac.iOBCKoro 
xapaicrepH3yiOTca 3HaneHHaMH 5 >4 S = 6-1 \ %o (anajiH3bi Bbinojinenbi b Oryil HHMrPM C.F. 
KpaweBbiivi), b to Bpe\ia KaK BMemaiomHe hx 6a3aibTbi Ha;ie>K;iHHCKOH cbhtw o6;ia;iaioT oojiee 
hh3khmh 3HaHeHHa\iH 8 ' 4 S < +3-+5 %o (Ripley et al.. 2003): cjie^oBaTCJibHO. nocjicOTue hc 
MornH cjiy>KHTb hctohhhkom Ta>KejioH cepbi B CVJIb^HJiaX. 

HaMH BnepBbie 6biJi H3yneH He TO.ibKO H30TonHbiH cocTaB cepbi aHrn,TpHTOB, kuk 3to 
ziejiaiocb paiiee, a nojiynenbi conep>KaiiHa paanoreiuibix h30tohob b aurnupHTax H3 .aeBOiicKHX 




nopoA (Ta6ji.6), y^anenubix ot nojien npoflBJieiiHH MarMara3Ma (pyflHHK "AnrHapHTOBbiH** - 
HopHJibCKaa Myjib^a, h h 3 nopon ceBepo-BOCTOHHOH naciH XapaejiaxcKoti Myjib^bi). HanGcuiee 
B3)KHbIM HBJiaeTCH (J)aKT HH3KHX HBOTOnHbIX 3HaHeHHH H30TOnOB CTpOHLIHfl B aHrHflpHTaX, 

KOjie6juomHxcH b npc^ejiax 87 Sr/ 86 Sr = 0.708637- 0.708949, HH)Ke, hcm b HazievKziHHCKHx 
6a3ajibTax (zio 0.709171; Wooden el al 1993) h nopoaax Hn^ne-TajinaxcKoro Hmpy3HBa 
(cpeAHee 0,708958, m axe hm ajibHoe 0. 709946. Hawkesworth et al.,1995). Bee /iaHHbie 
npHBe.aeiibi b nepecneTe na B03pacT 251 m.ih. jict). Tbkhm oopaio.M, ohm He MoryT 
paccMaTpuBaTbca b KanecTBe KOHTaMHHaHTOB npn oopa30BaHHH yKa3aHHbix MarMaTHnecKHx 
nopo,a, Kax 3to npe/uiojiaraeTca. Bo.iee roro, jum H3yHeHHbix o6pa3noB xapaicrepHO raioKe 
aHOMajibHoe ooorameHne pa^HoreHHbi.M cbhhuom ( 2,,,> Pb/ 2o4 Pb jxo 2 45 3 ;Ta6ji. 6.12) . 3to 
/iojdkho Gbuio 6bi CKasarbca na h jotoiihom cocraBe b pa3JiHHHon cienenn KomaMHimpoBaimbix 

l'aGjiHua 6. 12. khoTomibm cociaB aurn^pHTOB H3 ^cbohckhx OTJiO/KeiiHH 1 lopnjibCKoro 
pafiona 


N° o6pa34a 

Ang-1 

Ang-2 

KC-56/1754 

Sm, r/T 

0.192 

0.654 

0.762 

Nd, r/T 

1.038 

3.150 

3.482 

147 Sm/ 144 Nd 

0.11184 

0.12540 

0.13222 

143 Nd/ 144 Nd 

0.512543 

0.512573 

0.512525 

2a, % 

0.000008 

0.000005 

0.000004 

Rb, r/T 

0.495 

9.749 

1.104 

Sr, r/T 

3848 

288.8 

1294 

87 Rb/ 86 Sr 

0.00037 

0.09768 

0.00247 

2a, % 

4.78 

0.59 

2.00 

87 Sr/ 86 Sr 

0.708637 

0.708949 

0.708926 

2o, % 

0.000010 

0.000012 

0.000017 

2 ° 6 Pb /204 Pb 

20.817 

23.310 

24.528 

2a, % 

0.012 

0.014 

0.011 

207 Pb /204 Pb 

15.635 

15.769 

15.829 

2a, % 

0.012 

0.014 

0.010 

2° 8 pb /204 p b 

38.220 

39.062 

40.478 

2a, % 

0.015 

0.015 

0.012 

( 87 Sr/ 86 Sr) t 

0.70863578 

0.708600698 

0.708917503 

( 143 Nd/ 144 Nd), 

0.512359255 

0.512366982 

0.512307775 

e Nd 

0.866865795 

1.017701057 

-0.137974556 


ripHMenaHHe. (87Sr/86Sr)t h (143Nd/144Nd)t - cooTHomeHHa H30TonoB Sr h Nd 
nepecHHTaHHbie Ha B03pacT 251 MjiH.jieT. AHa-iH3bi Bbino-iHeHbi bo BCETEM, aHajiHTHK 

B.B. BejiHUKHH 



MarMaTHMecKHx nopoa, oaHaKo aroro He npoHCxoaHT ((J)Hr.6.21). TaKHM o6pa30M, 
accHMHJiauHa BMemaKauwx nopoa b icawepax KpHCTai.iH3aunn HHTpy3HBOB jih6o 
OTcyTCTBOBajia, jih6o H.viejia Kpaane orpanHHeHHoe pacnpocrpaHeHHe h na oSpaaoBaHHe pya He 
BJinajia. 


* r & ri ** Sr 



■ i C 2 O 3 ☆ 4 


Phc. 6.21. /jHarpaMMa x7 Sr/ X6 Sr - 2l,6 Pb/ 204 Pb jxjw nopoa I iopnabCKoro panona 

/lamibie b raGji. 6.12. I - HopmibCK 1:2- HH>KHe- I ajinaxcKHii hh rpyiHB; 3 - 6a3ajibTbi 

naaoKanucKOH cBHTbi; 4 - aurnapHT. 

ripouecc accHMHjiHUHH MarMofi BMemaioLnnx nopoa aoa>Ken oTpawaTbca na H3MeneiiHH 
XHMHMCCKOrO H MHHCpaJIbHOrO COCTaBa HHTpy3HBHbIX nopo^. OCo6eHHO B npHKOHTaKTOBbIX 
30nax MaccHBOB. Tto OTMenaeTCfl KpanHe peaxo h b oi pa h n i ie hhbi x \iacnna6ax. IlanpnMep. b 
HHHCHeK qac™ XapaenaxcKoro mnpyiHBa (ckb. IT-21) fiohbjihiotch b 3HaoKOHTaKTe 
KBapUCBbIC HOpHTbl - pC3y.lbTaT B3aH\10^CHCTBHfl MarMbI C BMCUiaiOIUHMH neCMaHHKaMH, 
oanaxo hx MomnocTb cocTaBJiaeT Bcero 1-1.5 m. npn tom hto MomnocTb caMoro HHTpy3HBa 
cocraBjmeT 200 m. B BepxHHX nacTHX MaccHBOB nopoabi. Ha3biBae\ibie koHT aM hh npoBan hwm h 
(raoGpo-AHopHTbi) noaBjiaioTca name. ho. BO-nepBbix. aoKa3aiejibCTBa npnpoabi hx 
npOHCXO>K,HeHHfl HC npHBOaflTCfl (3TO MOryT ObITb H npOjyKTbl ZlH(|)(J)epCHUHaUHH HCXO,aHOrO 
pacnjiaBa), a. Bo-BTopbix. MomHocTb hx TaiOKe cocTaB.iaeT oobiHHo nepBbie MeTpbi. 

B TaKOM cjiynae Hanoonee noKa3aTejibHbi\i miaeTCfl noBeaeHne peaxnx, ocoochho 
pe^KOieMejibiibix 3JieMeHTOB, KOTopbie npaKTnnecKH lie ynacTByiOT b upouecce 
(J)paKUHOHHpoBaHHa (ocooeHHo ecjiH opaTb hx cooTHomeHHH). Hanoojiee HamaaHo 



accHMHjinpoBaHHe BMemaioiunx nopoj hjih ero otcvtctbhc jiojdkho npomiaTbCfl b cjiynae 
KompacTHbix no pejjK03eMejibHOMy cocTaBy tojiui c raooponiiaMH. 

npoBepKH cymecTBOBaHna h olichkh MacniTaooB accHMHjiHUHOHHbix nponeccoB b 
npHKOHTaKTOBbix 3onax HaMH 6bui BbiGpan cjiynaH 6 jih30Cth cocTaBOB HHipy3HBHbix n 
BMemaiomnx nopo,n no rnaBHbiM KOMnoHeHTaM - raoopo-.aonepHTOB n 6a3anbTOB. no 
npunuHnnajibno OTJiHHaiomnxcfl no coaepacaHHaM Jiencnx penK03eMejibHbix oneMeiiTOB: 
KOHTaKT HHyKHCHaAOKaHHCKHX JiaB (OOOraUieHHblX JierKHMH P33) C IOyKHO-MaCJIOBCKHM 
HHTpy3HBOM (c HOpMajibHbiMH hx co;iep>KaHHHMH, Ta6n.6.2 n pnc. 6.4). Becb.\ia xapaKiepnbiM 
HBjiaeTca La/Sm OTnouienne. B BepxHexi on^oKoniaKTe ca\ioro nnTpy3HBa Boo6me ne 
naOjiio^aerca bjihhuhc BMemaiouinx nopofl (cJjht. 6.22a), a b noponax ero boctohiiofo 
nepn(J)epHMecKoro OKOHnannH oho ycTaHOB.ieHO b oneHb y3Kon 3one - jx o 1 m ((j)nr. 6.226). B 
nocjieAHeM cjiynae nponecc KOHTaMHHannn (|)HKCHpyerca raioKe h no paciipe,aejieHHK) Mean, 
KOTopoti cymecTBeimo oGenneiibi paccMaipHBaeMbie jiaBbi ((J)nr. 6.226). 

Anajioi HHna« pa6ora npo/jejiana naxin h jinn K)ro-3ana^nofi nacTH TajmaxcKoi o Minpy3HBa, 
r,ae oh jajieraeT b KapGonaTiibix anrn^pHTco^ep>KauiHx noponax. KaK cjie^yeT H3 pnc. 6.23. na 

KOHTaKTaX H B 3TOM CJiyMaC HC HaOJlKXaaCTCfl H3MCHeHHH CO^ep^aHHH pe^KHX 3J1CMCHTOB, a 

nojiyneHHbie 3iia i ieHHH coorBercTByior hhcimm ra66poH^avi h KapoonanibiM nopo/iaiM. 3 to >kc 

no;iTBep>K;iaeT pacnpe/iejieHHe b juihhom pa3pe3e pa;inoaicrHBHbix 3JieMeHTOB, hto orpawaeTca 
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b noBezieHHH 8^^ „ Sr/ Sr (pnc. 6.24). riepecMUTamibix na HanaJibHbiH Bo jpacr 251 mjih. 
jict. 

B uejiOM cpe < aHeB3BenieHHbie cocTaBbi HHrpy3HBOB (ocoGchho no co;iep>i<aHHHM pe;u<Hx 
3JieMeHTOB, cm. HH>Ke) oneiib Gjihjkh \ie>K.ny co 6 oh BHe 3aBHCHM0CTH or hx nojumeima b 
cTpaTHipa(|)HMecKOM pa3pe3e. KonucHTpaunH maBHbix komhohchxob abjihioxch Menee 
HOKa3aTeJlbHbIMH. IIOCKOJlbKV COOTHOUJeHHe OTiieJlbHblX ropH JOHTOB B pa3HbIX HaCTHX MaCCHBOB 
cymecTBCHHo BapbnpyeT - 06 3tom CBH^eTejibCTByeT cpc^HCB3BemcHHbiH cocTaB 

XapaejiaxcKoro hh rpy 3 HBa. pace h nxan h m h rojibKo no o;aHOMy pa 3 pe 3 y (cKBa>KHHa TT-21), b 

KOTOpOM (J)HKCHpyeTCa MaJlOMOUIHblH mpH30HT nHKpHTOB. JiflU nOJIVHeHHfl OOtCKXHBHOH 
KapTHiibi neoGxoAHMo npoH3Bo.aHTb no^cneT no pjuy cKBa>KHH. kbk 3to cziejiano mifl 
TajiHaxcKoro MaccnBa (TjHenpoBCKaa n zip., 1987). 
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Ha Bpe3Ke (6) noKaianbi Bapnaunn othoiuchhh 3Jie\ienTOB. HopMHpoBaHHbix k npHMHTHBHOH 
MaHTHH (Hofmann. 1988), ana 3K30-H OHaoKOHTaicroBbix 30H HHTpy3HBa no ckb. OM-24 
(aaHHbie b Ta6ji.6.14, jihhha pa3pe3a cooTBeTCTBveT jihhhh IX-IX na pnc. 6.2). Ha Bpe3Ke (c) - 
H3MCHCHHC oTHoujeHHfl La/Sm h coaep>KaHHH Mean b nopoaax cnjuia IO/KHo-MacaoBCKoro 
HHTpy3HBa (Gejioe) n BMemaiomnx (cepoe) 6a3aabrax (KpuBOJiyuKaa, PyaaKOBa. 2009). 

1-7 - ByjiKaHoreHHbie nopoabi, CBnrbi: 1- m opo h ro bcK aa , 2 - HaaoKanHCKaa, 3 - TyKjiOHCKaM. 

4 - xaKaiiMancKaa, 5 - ryaHHxnncKaa, 6 - cbiBepMHncKaa. 7 - HBaKnncKaa; 8 - Teppnrennbie 
nopoabi TyHryccKon cepnn. 9 - ToaenTOBbie 6a3aabTbi: 10 - raoGpo-aojiepnTbi HopnjibCKoro 
KOMiureKca (Tinr); 11-15 - raoopo-aoaepnrbi: 11 - KOHTaKTOBbie, 12 - 6e30JinBHH0Bbie, 13 - 
nnKpHTOBbie, 14 - ojiHBHHOBbie; 15 - raoopo-aHopnTbi; 16 - ynacTKn pa3pc30B. noKa3aHHbie Ha 


Bpe3Kax 6 h c. 



Phc. 6.23. BapnauHH La/Sm oTHouieiniH h coaep/Kannn CaO b nopoaax TaanaxcKoro 


HHTpy3HBa h BMemaiomHx ero KapooHaTHbix nopoa. coaep^'auiHx aHrnapHT no ckb. 30-12 


1 - KapGoHai Hbie riopoabi. 2-4 - raoopo-aoaepn rbi: 2 - KOH raKTOBbie, 3 - nnKpHTOBbie, 4 - 
oanBHHOBbie; 5 - cnaouiHbie cyab(})HaHbie pyabi, 6-7- tohkh 3Ha i ieHHH: 6- bo 
BMeinaFomnx nopoaax, 7 - b raoGponaax. 





Phc. 6.24.H3\ieHeHHe £ Nd H H30TonoB CTpoHuna b pa3pe3e ckb. 30-1 2, 
noKasaiuioH iia pnc_ 6.23. niySHna b werpax cooTBeTCTByeT niy6Hne iia puc. 6.23. 
TaQjiHua 6.13. Phoronubin coctaB nopon no ckb. 30-12 


N° Ckb. 30-12, Sm, 


nn 

M 

— r 

ppm 

Nd, ppm 

147Sm/144Nd 

± ts 

143Nd/144Nd 

± ts 

i 

367.2 

2.12 

10.29 

0.12433 

0.00012 

0.512597 

0.000015 

2 

374.6 

2.67 

9.85 

0.16389 

0.00016 

0.512651 

0.000009 

3 

379.1 

3.13 

12.11 

0.15606 

0.00016 

0.512593 

0.000010 

4 

407.3 

3.60 

13.59 

0.16015 

0.00016 

0.512615 

0.000015 

5 

421.1 

2.32 

9.30 

0.15087 

0.00015 

0.512597 

0.000006 

6 

433.1 

8.91 

41.5 

0.12988 

0.00013 

0.512472 

0.000008 

7 

415.1 

2.54 

9.93 

0.15482 

0.00015 

0.512590 

0.000008 


Ne 

nn 

Rb, 

ppm 

Sr, ppm 

87Rb/86Sr 

± t s 

87Sr/86Sr 

± ts 

( 87 Sr/ 86 Sr)t 

(e Nd)t 

i 

87.7 

42.7 

5.951 

0.060 

0.732883 

0.000008 

0.7116335 

1.53 

2 

17.18 

517 

0.0961 

0.0010 

0.708747 

0.000015 

0.7084041 

1.31 

3 

21.2 

463 

0.1323 

0.0013 

0.708852 

0.000011 

0.7083793 

0.42 

4 

45.9 

485 

0.2738 

0.0027 

0.709450 

0.000007 

0.7084721 

0.72 

5 

27.9 

371 

0.2174 

0.0022 

0.708704 

0.000008 

0.7079278 

0.68 

6 

11.62 

277 

0.1213 

0.0012 

0.709657 

0.000010 

0.7092243 

-1.10 

7 

25.4 

465 

0.1581 

0.0016 

0.708932 

0.000010 

0.7083674 

0.41 


FIpHMeHaHHe. AHajiH3bi BbinojmeHbi b fEOXH PAH, aHajiHTHK A.A.njienoBa. t - 251 Ma 















TaGjiHua 6.14. CocTaB nopo.x MacjiOBCKoro nHrpy3HBa h B\iemaioiiiHx ero 6a3ajibxoB 


KoMnoHeHTbi, 

Mac.% 

OM-24/ 

450.5 

OM-24/ 

456.9 

OM-24/ 

457.4 

OM-24/ 

457.8 

OM-24/ 

458.4 


OM-24/ 

460.4 

OM-24/ 

506.2 

OM-24/ 

510.2 

OM-24/ 

608 

ndi 

nd! 

nd 2 

nd] 

Mac/i. 

Mac;i. 

Mac/i. 

Mac/i. 

Mac/i. 

Mac/l. 

Si0 2 

51.24 

48.32 

51.89 

50.65 

49.46 

49.39 

52.28 

55.28 

53.05 

46.29 

Ti0 2 

0.48 

0.91 

0.93 

0.76 

1.03 

0.85 

0.93 

1.75 

1.91 

2.75 

Al 2 0 3 

14.12 

12.63 

13.74 

11.98 

15.66 

18.80 

14.12 

13.07 

12.51 

12.72 

FeO 

10.09 

10.66 

9.24 

8.53 

9.73 

9.42 

9.41 

13.79 

15.87 

19.57 

MnO 

0.15 

0.19 

0.11 

0.17 

0.17 

0.13 

0.14 

0.29 

0.32 

0.27 

MgO 

6.96 

8.58 

5.04 

5.56 

7.68 

7.59 

5.28 

3.02 

2.42 

5.55 

CaO 

9.15 

7.71 

10.54 

17.50 

12.83 

12.00 

9.24 

5.06 

6.60 

10.31 

Na 2 0 

2.36 

2.84 

2.10 

2.23 

2.12 

2.16 

2.43 

3.92 

3.14 

2.21 

K 2 0 

0.90 

1.38 

0.85 

0.81 

0.31 

0.30 

1.29 

1.55 

1.50 

0.33 

P 2 O 5 

0.12 

0.11 

0.12 

0.13 

0.10 

0.08 

0.12 

0.35 

0.51 

0.12 

Cr 2 0 3 

0.02 

0.01 

0.02 

0.02 

0.02 

0.03 

0.01 

0 

0.01 

0.05 

n.n.n. 

3.99 

4.92 

4.21 

0.83 

1.25 

0.18 

4.3 

2.3 

2.21 

1.15 

CyMMa 

99.57 

98.27 

98.78 

99.16 

100.35 

100.94 

99.56 

100.39 

100.04 

101.3 


r/T 


Rb 

24.5 

45.7 

24.5 

1.7 

3.0 

3.1 

6.6 

43.7 

42.2 

6.6 

Ba 

328 

295 

220 

8 

89 

82 

186 

465 

535 

185.86 

Th 

3.55 

3.47 

3.55 

3.15 

1.23 

1.15 

1.19 

3.68 

4.26 

1.19 

U 

0.95 

0.86 

1.05 

0.85 

0.46 

0.42 

0.41 

1.19 

1.43 

0.41 

Nb 

8.26 

8.38 

8.11 

7.74 

3.87 

4.00 

4.29 

15.29 

15.54 

4.29 

Ta 

0.54 

0.55 

0.54 

0.48 

0.27 

0.25 

0.26 

0.93 

0.90 

0.26 

La 

17.7 

16.7 

19.2 

13.4 

7.3 

7.0 

7.7 

25.0 

28.2 

7.75 

Ce 

38.1 

36.5 

42.2 

29.8 

17.5 

16.7 

17.4 

54.6 

59.2 

17.4 

Pb 

6.84 

5.54 

3.99 

3.60 

4.53 

4.23 

2.78 

2.41 

9.00 

4.27 

Pr 

4.47 

4.29 

5.02 

3.60 

2.34 

2.20 

2.46 

7.38 

7.96 

2.46 

Nd 

18.2 

16.8 

19.7 

14.8 

10.9 

10.1 

11.8 

34.2 

36.6 

11.77 

Sr 

269 

103 

206 

52 

196 

209 

458 

168 

215 

457.83 

Sm 

3.92 

3.76 

4.27 

3.29 

2.98 

2.79 

3.42 

8.75 

9.59 

3.42 

Zr 

129 

127 

126 

115 

86 

83 

96 

300 

320 

95.81 

Hf 

3.28 

3.27 

3.30 

2.93 

2.29 

2.15 

2.53 

7.19 

8.14 

2.53 

Eu 

1.12 

1.03 

1.21 

1.01 

1.09 

0.93 

1.22 

2.53 

2.85 

1.22 

Ti 

5518 

5267 

5347 

4740 

5881 

5524 

16469 

11434 

11577 

16469 

Gd 

4.03 

3.65 

4.23 

3.38 

3.63 

3.37 

4.27 

10.11 

11.09 

4.27 

Tb 

0.65 

0.61 

0.69 

0.55 

0.63 

0.57 

0.71 

1.67 

1.80 

0.71 

Dy 

4.08 

3.86 

4.28 

3.57 

4.05 

3.65 

4.78 

11.23 

11.97 

4.78 

Ho 

0.85 

0.82 

0.91 

0.73 

0.87 

0.79 

0.99 

2.29 

2.45 

0.99 

Y 

20.8 

19.3 

21.1 

17.8 

20.6 

19.3 

27.0 

62.0 

68.1 

27.04 

Er 

2.34 

2.22 

2.46 

2.01 

2.40 

2.20 

2.91 

6.85 

7.13 

2.91 

Tm 

0.36 

0.35 

0.37 

0.30 

0.35 

0.34 

0.42 

1.00 

1.06 

0.42 

Yb 

2.24 

2.22 

2.25 

1.92 

2.25 

2.14 

2.83 

6.87 

7.18 

2.83 

Lu 

0.35 

0.33 

0.34 

0.28 

0.34 

0.33 

0.42 

1.01 

1.07 

0.42 























TaKHM o6pa30M, ec;iH ana cepbi npiraiaeTca bhcujhhh hctohhhk npH (|)opMHpoBaiiHH 
pya, to hctohhhkom uBeTHbix h oaaropoaHbix MeraaaoB b pyaax a Baaexca caw paciuiaB. xo ra 
HHoraa BbicKa3biBaK>Tca h aabTepHaxHBHbie tohkh xpenna (Hokpobckhh h ap.. 2005). OaHai<o 
npw 3tom Bonpoc 06 oOorameiiHOCTH Hopn;ibCKHx pya naaTHHOBbiMH MeTaaaaMH no 
cpaBHeHmo c apyrHMH m eaHo-nnKe;ie b bi m n MecTopoacaeHHaMH Mnpa ocTaeTca HepeineHHbiM. 

B 3aKatOMeHHe caeayeT oTMeTHTb. hto OoraTbie Pt-Cu-Ni cyab(|>naHbie pyabi panoHa 
CBaxanbi c MaccHBaMH nopnabCKoro inna. o6pa30BannbiMH b nocaenaaoKauHCKoe BpeMa b 
pe3yabTaTe caMOCToaieabHoro MarNiarnMecKoro HMnyabca. CTeneHb pyaoHocHOCTH MaccuBa 
(pyaonpoaBjieHHe, oeaHoe. ooraToe nan yHHKaabHoe MecTopo/Kaenne) He oxpaacaeTca Ha 
neTpo-reoxHMH i iecKHx oco6eHHocTax HHTpy3HBHbix nopoa: cpeaHeB3BeujeHHOH 

Marne3HajibHOCTH, coaepvKatutax h pacupeaeaemiH peaKH.x xaeMemoB h hx h30tohhom cocxaBe 
(Sr, Nd. Pb). 

OxcyTCTBHe KoppeaauHH Meway xhmhhcckhm (Cu/Ni, Pd/Pt, Cu+Ni/PGE, PGE/S), 
MHucpaabHbiM cocTaBo.M pya (cooTHoineHne raaBHbix pyaooopaxyfomnx. BTopocTeneHHbix h 
peaKHx cyab(J)HaoB, MHHepaaoB naaxHHOBOH rpynnbi) h cocraBOM cwaHKaxHOH cocxaBjiaiomen 
HinpyjHBOB (Mg#) , a TaioKe ripoaBaeHne npoueccoB accHMHaauHH ToabKO b y3KHX 
npHKOHTaKTOBbix 30Hax in situ, CBHaeTeabCTByeT o tom. >ito MarMbi npn o6pa30BaHHH 
nopnabCKHX MecTopoacaenHH BbinoaiiaaH. raaBiibiM oopaxoM. TpancnopTHpyiomyio poab no 
OTHonienHK) k cyabc|)HaaM. CKOHncHTpnpoBaHHbiM Ha npeabiayutHX 3Tanax paxBnrHa pernoHa b 
npeaeaax hhjkhch Kopbi. 



3AKJIIOHEHHE. HHTepnpeTaiiHH nojiyneHHbix pe3yjibTaToe: eepoHTHbie 
hctohhhkh MarM ii npoueccbi pyaooopa'iOBaiiim 

Oco6oe mccto HopnjibCKHX pyAOHOCHbix hhtp\'3hbob cpeAH oGmnpHoro iciacca 
m ar m aTH h ec kh x Pt-Cu-Ni MecTOpOKA^H hh (noacmeHne b npe^ejiax TpannoBOH hpobhhuhh; 
mojioaoh B03pacT; orpoMHaa MomnocTb py a, npHypoHemibix k MajiOMomiibiM HHTpy3HBHbiM 
TCJiaNi) npHBJICKaCT BHHMaHHC MHOrOHHCJieHHbIX HCC.ie.HO BaTCJICH Ha npOTflvKeHHH OOJICC 
naTH^ecHTH jict. OrpoMHaa pojib. KOTopyio cbirpano b mhpoboh bkohomhkc OTKpbiTue 
TajiHaxcKHx m ecTOpo >k Ae h h h , ao chx nop CTaBHT nepeA reojioraMH Bonpocbi o npo hcxo>k achhh 
noAoGiibix pyn, OTBerbi na KOTopbie noMoryT Gonee paunonajibHo bccth iiohckh thkhx 
yHHKaJIbHbIX o6T>eKTOB. 

OjxwdKo necMOTpH na AJiHTe.ibiiyio HCTopnio mynemifl HopnjibCKHX MecTopoacAenHH, 
MHornc Bonpocbi hx (|)opMnpoBaHHH ocTaioTCfl HcpcmcHH biMH ,ao nacToamcro bpcmchh. 
TjiaBHblM H3 HHX HBJIHeiCH BOIipOC O M€Xai1H3MaX KOHLieHTpHpOBaHHH MeraJIJIOB B BH/ie 
yHHKajibHbix MecTopoHc^eHHH, yHHTbiBaa Majibie o6beMbi cHJiHKaTHoro pacnjiaBa no cpaBiiennio 
c cyjib(|)HAHbiMH 3ajie>KaMH. IIonbiTKH o6i»Hcneim« xroro (|)enovieiia AeJiajwcb neoAiioKpamo. 
Oahh HCCjieAOBaTejiH CBJBbiBajw neoobiMnoe CTpoenne MecTopoacAeHHfi c hx o6pa30BanHCM H3 
ocoGbix pyAOHOCHbix \iai m. Apyrne - c (|)opviHpoBaHHeM H3 TOJienTOBbix paciuiaBOB b xoac ero 
AJiHTejibHoro TeneHH5i k noBepxHocTH. FIohth bo Bcex reHeTHHecKHx nocTpoennax Ba>Kiia« pojib 
OTBOAHJiacb npoueccaM accHMHJuiUHH nopoA, ocoGenno amnApHTOB, KOTopbie oGecnenHBajiH 
cHcreMy cepon. CymecTBeHHoe 3HaneHHe npHAaBajiocb h (JwnoHAHOMy peacHMy, Koropbin Mor 

HBJIHTbCH OCHOBHbIM HJIH AOnOAHHTC.lbHblM (J)aKTOpOM B KO H UC H Tp H po B3H H H nOJTC3HbIX 

KOMHoneHTOB b pynax. 

HanGonee npHHUHnnajibHbiM HBJiaeTca Bonpoc o (jjopMnpoBaiiHH MecTopoacAenHH b 
yCJIOBHHX OTKpbITOH HJIH 33KpbITOH M a I 'M 3T H H eC KO H CHCTCMe. IIOCKOJlbKV OH a BTO M 3TH HeC K H 
HCKJiionaeT nacTb npejyioaceHHbix MexaHH3MOB KOHiienTpupoBaiiHa MeTajuiOB. Bonpoc o 
B3aHMOOTHOIIICHHaX JiaB H HHTpy3HB0B B HopHJIbCKOM paHOHe B03HHK CLUC B 4 Ql'OAaX 
npouuioro ctojicthh. Comacno npeACTaB.ieiiHHM M.H. I'oAJieBCKoro (1959) h ero 
riocjieAOBarejien (JlnxaneB, 1965, 1996. 2006: /Jiokhkob h Ap. 1988) HHTpy3HBbi nopnjibCKoro 
KOMnnexca BHeApnjincb xax caMocTOATejibHbie o6pa30BaHHfl. He cBjnaHHbie c jiaBaMH. B 
nocAeAyiomne roAbi (PaAbKO, 1991; Naldrett, 1992) Gwao BbiCKa3aHO npeAnojio>KeHHe o 

pyAOHOCHbIX HIITpV3HBaX K'dK H3CTH CAHHOH TpannOBOH M arM 3TH HeC KO H CHCTeMbI, B KOTOpOH 
coBpeMeHHbie HHTpy3HBHbie Kaxiepbi paccMarpHBaiorcH Ka k ropH30H rajibHbie npOBOAHHKH aa« 
JiaB Ha noBepxnocTb. Ka>KAa» H3 npeAJioaceHHbix KOHixeniiHH HMeeT cboh AocTonucTBa h 
H eAOCTaTKH, aHajiH3 KOTopbix Bbino.iHeH b AaHHofi paGoTe. 



Ha ociioBaiiHH myneHHbix reo.iorHHecKnx B3aHMOOTHomeHHH 6a3ajibTOB h HHTpy3HBOB 
HopwjibCKoro KOMnjieKca, a Taoce conocTaBiieHHH hx neTpo-reoxHMHHecKHx ocooeHnocrefi (6- 
7 Mac. % MgO b ByjiKaHHTax no cpaBHeHHio 10-12 b HHTpv3HBax noHiDKenubie coaepacaHHfl 
THTaHa n La/Yb othouichha b nopoziax Hopn.ibCKoro KOMnjieKca), n H30TonHoro cocTaBa 
(rjiaBHbiM o6pa30M, cepbi - 8 ,4 S = + 1— +5 h jio 18 % cootbctctbchho b 6a3ajibTax n 
HHTpy3HBax) e/tejian bwbo jx oo otc>tctbhh KOMaraaTHHHbix pyaoHOCHbiM Hinpy3HBaM 
ByjiKaHHTOB h 06 oopa30BaHHH MaccHBOB b pc3yjibTaTe caMocTOATenbHoro MarMaTHHecKoro 
HMnyjibca b nocjieHazie^HHCKoe BpeMH. Menee AOKa3aHHbiM aBjiaeTca Bue^penne nopo^ 
Hopn.nbCKoro KOMnjieKca b nocTMopoHroBCKoe BpeMfl, a. bo3mo>kho. flaace nocne oGpa30BanHH 
Been ByjiKaiiHHecKOH tojiluh (Malich et al., 2010; HBanoB. 2011). O^naKO oto iiojioKeiine 
TpeGyeT ztajibHeHiiiHX HccjiejioBaHHH. 

Bo MHoro m p anorjiacHH no riOBOjiy hcxoaho h MarMbi aim MaraaTHHecKHX nopozt 
panoHa n c|)o pMnpoBaHna MCCTopo^ennH CBsnanbi c pa3JiHHHbiMH no.axo.aaMH k hx ouchkc 
( Kax cpe^eHeB3BeuieHHbie eocxaBbi MaccHBOB, napajuiejiH3anH« c nanGojiee Mame3HajibHbiMH 
riOpOZiaMH HIITpy3HBOB H'lH HX GoKOBbIX CHJIJIOB H J.JX.). HaMH BnepBbie B UJHpOKOM MaCHJTaGe 
npHMeiien iiobbih no/ixo/t k oueiiKe paciuiaBOB. c(|)opMHpoBaBiiiHX MaraaTHHecKHe nopoflbi - 
H jyncHHe pacnjiaBHbix bkjiiomciihh b pannnx jiHKBHaycHbix (|)a3ax (ojiHBHiiax h rinpoKcenax). 
3 th HccneAOBanHH iio3bo:ih;ih oncHHTb HanpHMyio co;icp>KanH« rjiaBHbix. pe/iKHx h jiery i mx 
KOMiioneHTOB b Maraax. B nacTHOCTH, ju\h py^oiiocnbix MaccHBOB GbiJio npofleMOHCTpHpoBano, 
HTO OHH GbUIH C(|)OpMHpOBailbl H3 paCIIJiaBOB HOBblHICHHOH Marne3HaJIbHOCTH (;io 8% MgO), 
pacnjiaB coaepwaji HinparejinypuMecKHe BKpaiuieiniHKH ojiHBHiia h iuiaiHOKJiaja h hmcji 
K opoBbic xapaKTcpucTHKH - 0Tp h uaT cji b h yio Ta-Nb h nojio>KHTenbHyio Pb anoManHHH ne 
co/tepwau noBbimeHHbix kohuch rpannii UBembix MerajuiOB. OjiioH/tHaa cocTaBjunomaa 
ripe;iCTaB^Hjia coGoh BoziHbiH pacTBop c hh3khmh co^ep>KaHH«MH CO 2 h xjiopa (0.2 \iac.%), 
BOiibi (0.5-0.7 Mac.%). ynHTbiBa« >Kejie3HCTbiH cocraB ojiHBHiia .rawe b BbicoKOMarae3HajibHbix 
nopo,aax npoBHimnn (F 083 ). npe^cTaBJiaeTca, hto c(j)opMHpoBaBniHe hx pacruiaBbi ne GbiJin b 
paBHOBeCHH C IiepHilOTHTOBblM HCTOHHHKOM B paBHOBeCHH, a IipejlCiaBJIHIOT coGoh 
K y m y jihthbh bie oGpa30BaHH« mneHTOBbix MarM, 6jih3khx no xapaKTepncTHKaM k nopo/taM 
Kopti (eNd =0±1.5; 87 Sr/ 86 Sr=0.706±0.1) 

Kax npaBHiio, yKa3aHHbie Bbiuie xapaKTepncTHKH nopoji oGbiMHo oGbacnaioTCfl 
KOHTaMHHanneH MaHTHHHbix pacnnaBOB KOpoBbiM MaTepnaaoM Kax Ha rjiyGnHe, Tax h Ha Mecxe 
KpHCTarniH3auHH, mto nrpaeT pemaiomvTo po.ib b oopa30BaHHH cvjib(j)H^Hbix pyjx (Lightfoot et 
al., 1993; Naldrett. 1992; Li et al., 2009). 0,XHaKO Ha npHMepe H3VHeHH« xomaicroBbix 30 H 
HHTpy3HBOB c BMemaiomuMH nopo.aaMH (pacnpenenenne maBHbix h pe^xnx ojieMeiiTOB) h 



h30toiiho d cocTaBa Tex, h up tux ( Nd, 8 Sr/ 86 Sr. 8' 4 S) Ha\iH He HaixAeHbi npH3HaKH 
cymecTBeimoH KoiiTaMHiiauHH in situ. Bonpoc 3tot 6biJi nocTaB.ien euie b iianajie 1950-roAOB, 
b cbh3h c noHCKaivm HCTOHHHKa cepbi b iiopH.ibCKHx pyAax. HanGo-iiee ecTecTBeHHblM 
pemeHHeM npe^ciaBJianacb accHMH.iflunfl pacnjiaBaMH cyjib(j)aTCOAep)KamHx nopoA. nocKOJibicy 
MOLitHbie npoc.noH aHru/tpHTa lunpoKo pacnpocTpaHeHbi b HopujibCKOM panoHe. O^HaKO 
BiiepBbie MOJiyHenHbie AaHHbie no paAHoremibiM H30Tona\i aiirHApHTa b nopoAax ne iio jbojihiot 
ero pacc.viaTpHBaTb b KanecTBe HCTOHHHKa cepbi ajih HopnjibCKHX pyA. He3aBHCH\iocTb 
cpe.mieBiBemeinibix cocTaBOB hhtp\'3hbob ot nojio>KeiiHfl hx b cTpara(j)HUHpoBainioM pa3pe3e 
(H3BCCTHHKH, nCCHaHHKH, 6a3aAbTbl) Tak'yKe CJINOKHT nOATBCp/KACHHCM OTCyTCTBHfl 
accHMHjwnHH Ha ypoBite Ka\iep KpHCTajuiH3anHH. /loxaiaTejibCTBa accHMHjuntHH MarMaMH 
MaTepnajia ripn hx ABH/KeiiHH k noBepxnocTH ne npHBOAflTca b AHTepaType. Eme JI.JI. llepnyx 
(1973) noKa3aji, hto viaiMbi npn CBoe\i abhwchhh cxopee BOiAeticTByior na nopoAbi, neM 
accHMHjiHpyioT hx. 3to AocTaTOMHo v6eAHTe;ibHo noKa3ano O.II.IIojuihckhm h B.B 
PeBcp/iaiTo (2006) Ha npH\iepe bhcapchh« TpannoBbix chjijiob b yrjieBopoACOAepwaiune 
tojiihh: b pejyjibTare TeiuioBoro bojachctbhh BiieApaiomeHCH MarMbi ynieBOAopoAbi ne 
yciutHBajiHCb eio, a orroiiHjiHCb ot Kaxiepbi KpHcrajuiH iaitHH. 

l aKHM oopajoM, Bnojiiie BepoHTHbiM npeAcraBjiaeTCH KopoBoe npoHCXo>KAeHHe cepbi, no 
lie H3 aiirAHpHTCOAep>KamHX nopoA. a H3 HHbix hctohhhkob. IlanpHMep, Mo6HjiH3aitH« 
CyjIb(|)HAOB H3 IIOpOA HH>KHHX HaCTCH KOpbl. KaK OIMeHaJIOCb. HOpOAbl. oGoraiHeilllbie TJOKeAbIM 
H30T0H0M cepbi, noHBHJiHCb Ha 3eMJie, nauHHaH c paHHero nporepo30H (Farquhar et al., 2010). 
TeopeiHuecKH TaKHe cyjib(|)HAi>i moi jih 6biTb peMo6HJiH30Banbi poAOiianajibiibiMH paciuiaBaMH 
h TpancriopTHpoBaiibi na mccto pyAooTJiO/KeiiHa. Taxoe AByxcTyneiiHaToe o6pa30Banne 
cyjib(|)HAOB HBJiaercH 6o;icc 3(|)(J)eicrHBHbiM KOHiieHTpaTopoM h MeTajuiOB, mcm oAHoaKTHbin 
ripouecc. He hckjiiohcho TaK>Ke. hto AonojiHHTejibHoe H3MCHCHHe H30TonHoro cocTaBa cepbi 
Monio ocymecTBAHTbca h npH KpHcrajuiHiaitHH cy;ib(|)HAHbix 3ajie>KeH. OpaKiiHounpoBauHe 
H30Tornioro cocraBa cepbi b cyjib(|)HAHOM pacruiaBe Gbi.io ycTanoBJieno npn ero pa3AejieiiHH na 
cymecTBeHHO Me;iHyio h nupparnHOByio nacTH (KoBaAeHKep h ;tp.. 1974; JlHxaneB. Ctph>kob, 
1977). BnojiHe BepoflTHO, hto b orpoMHbix ooT>e\iax cyAb())HAHbix pacnjiaBOB, KOTopbie 
cymecTByior b npnpoAe (1-2 km 3 ), Taxne hbachhh \ioryr Hvieib Ba>KHoe 3HaneHHe, h hmchho 
ohh onpeAejiHioT pa3Mep H30Tonnoro cABHra b cy.ib(})HAHOH CHCTeMe (hto b HacToamHH 
momcht He mo>kct obiTb npoBepeHO 3KcncpHMeHTajibHo). B KanecTBe onpeACJieHHoro 
CBHAeTejibCTBa bo3mo>khocth npoaBneHHH 3Toro npouecca b npnpoAe mo>kho paccMaTpHBaTb 
yCTaHOBJieHHVK) npHMJTO KOppeJlflUHK) MOKAy COAep>KaHHflMH T5I>KeJ10r0 H30T0na cepbi H 
pa3MepoM MecTopo>KAeiiHH (Grinenko. 1985). Hpn 3tom lie HCKJiionaeTca B03MO>Kiiocrb 



cymecTBOBaHHK Taacejioro cy:ib(|)naa b m3hthh. hto npejinojiarajiocb A.A. Jlnxa'icBbiM () h hto 
nacTHHHO iio;iTBep/KjaercH H30TonnbiMH aaiiHbi.MH no 6a3ajibTa\i (Ripley et al., 2003): caMbie 
BbICOKHe 3HaHeHHH 8’ 4 S H3 BCe\ CBHT yCTaHOBJieUbl JUia IipHMHTHBHblX TyAHHXHHCKHX 
nHKpHTOB - +8. 

PaccMorpemibie Bbiine MHHepajioro-reoxHMHHecKHe aanubie o cocraBax nopoji n 
orpaHHHeHHOCTH accHMHJianHOHHbix nponeccoB cBHjteTejibCTByioT o tom, hto poaoHaHanbHbie 
pacnjiaBbi, c(Jx)pMHpoBaBuine nopojtbi TyiJio-jiaBOBofi tojiiuh rjiaBHon (j)a3bi ByjiK3HH3Ma 
(HaHHHaa C TyKJlOHCKOH CBHTbl) H HHTpy3HBbI. HMeJIH CKOpee HHJKHCKOpOByiO. MCM MaHTHHHyK) 
upHpony. 06 3 tom CBnaeTe^bCTByeT pa,i (jiaicropoB. 

Bo-nepBbix, HH3Kaa Mame3HajibHOCTb ochobhoto o6i>eMa 6a3anbTOB n HHTpy3HBOB 
(Mg# = MgO/(MgO+FeO) xlOO = 37-38) no cpaBHemno c MaHTHHHbiMH MaraaMH, rjte ttot 
noKa3aTejib flOJiaceH 6biTfe 50. Bo -BTopbix. BbicoKOMame3najibHbie nopoAbi npoBHHUHH, 
xapaicrepHTyiomnecfl 6ojiee bmcokhmh noKa3aTejiaMH (Mg# 55 -57 - nmcpHTOBbie 6a3ajibTbi 
TyKJlOHCKOH CBHTbl H 59-63 - IiajtOKUHHCKOH CBHTbl. 56-57 — nHKpHTOBbie ra66pO-JlOJiepHTbI 
(KpHBOJiynKaa h ap., 2005)) npn ycjiOBHH hx oOpaioBanna H3 ncpnaoTHTOBoro hcto i ihhk3 
HOJDKHbi coaepacaTb BbicoKOMarnejHajibiibiH ojihbhh (>Fo<jo; Rudnick, Gao, 2003). OjwaKo 
cojicpxoHHe (|)opcTepHTOBOH cocraBjiaioiueH b ojiHBHHax H3 3thx nopoji hc npcBbiuiaeT 80 MOJ1. 
% (CoGojieB h up.. 2009|), hto CBH/iere.ibCTByeT cKopee Bcero oo hx KyMyjiaTHBiion npnpo/te. 
B KanecTBe ajibTepHaTHBHoro BapnaHTa 6 mji npeanoaceH cMemaHHbiH nepnaoTHT- 
nnpoKceuHTOBbiH hctohhhk nepBHHHbix MarM. a|)opMHpoBaBUJHX 3th nopoflbi (CoGojieB h up., 
2009a). Ho yHHTbiBaa CTaGnjibHoe cymecTBOBaHHe CnGnpcKoro KpaTOHa c Komia 
neonporepoToa. iipejicraB.iaercH npo6jieMaTHHHbiM coxpaneiiHe b KonBeicrnpyioinen mbhthh 
nnpoKceHHTOB KaK npojtyKTOB B3aHMoneHCTBHfl najieooKeaHHHecKoii Kopbi c nepn /ioththmh 
(Sobolev et al.. 2005) b TenenHe 400 mjih. JieT. 

OnpeaeJieHHe cocTaBa hhjkhch Kopbi npejtcTaBJiaeT co6oh HenpocTyio 3aaany. Oho 
ocymecTBJiaeTca Ha ochob3hhh aHanH3a: 1) pejiKHx BbixojioB Ha noBepxHocrb cjiaraioiunx ee 
nopoa; 2) KCeHOJIHTOB, BbIHeceHHbIX pa3J!HHHbIMH no COCTaBy MaHTHHHbiMH MarMaMH; 3) 
reoij)H3HHecKHx ztaHHbix. I Ipejuiojiaranocb (Rudnick. Fountain. 1995; BoraTHKOB h ap., 2010), 
hto HHHfHaa Kopa coctoht, rjiaBHbiM o6pa30M, H3 ochobhwx h yjibTpaocHOBHbix nopojt, HO, 
ynHTbiBaa Bbicoxyio CTeneHb iieojiHopozniocTH. cpe.iHHH cocTaB ee Moacer 6biTb 6jih30k h k 
aH/te3HTaM (Rudnick. Gao, 2003; Ta6ji. 3.1). riepBbiH H3 npHBejteHHbix tthmh aBTopaMH 
cocTaBOB HMeeT cxojictbo co “cpennHM” TpannoM h MOjejibiibiM pacnjiaBOM TajinaxcKoro 
HHTpyTHBa (Ta6ji.3.1). CoaepacaHHa pemoix bjicmchtob juia conocTaBJiemia c pyaoHOCHbiMH 
HHTpy3HBaMH, npHBOjiarca zuia BToporo cocTaBa (Taoji. 3.2), peKOMeHflOBaHHoro b KanecTBe 



■yrajiona. KaK caeayer H3 cj)Hr. 3.1, KOHueHrpauHH penKHx aneMeHTOB b nopoaax HopHJibCKoro 
KOMnaeKca, nojiHOCTbio coBnaaaiOT c TaKOBbiMH wa nopo.i hh/Khch xopbi ( 3 a HCKjnoneHHeM 


Ta6jiHua 3.1. CpejiHeB3BeiiieHHbiH cociaB nHTpy3HBOB HopHJibCKoro KOMnjieKca h hh^khch 
KOpbl (Mac.%) 


MaccMB 

Xapae/iaxcKMM 

Ta/iHaxcKMM 

CKBawMHa 

Tr -21 

K3- 

1799 

oyr -2 

cpeAHee 

(29 CKB.) 

MOAe/ib- 

HblM 

pacn/iaB 

KoMnoHeHT, 

Mac.% 

1 

2 

3 

4 

5 

Si0 2 

46.47 

47.47 

48.76 

48.3 

49.44 

Ti0 2 

0.75 

1.11 

0.88 

0.85 

1.2 

ai 2 o 3 

17.92 

14.11 

14.9 

15.33 

15.44 

FeO 

9.47 

12.33 

11.08 

12.34 

11.43 

MnO 

0.17 

0.22 

0.2 

0.19 

0.22 

MgO 

7.03 

11.54 

10.52 

10 

8.06 

CaO 

16.99 

10.22 

10.04 

10.45 

11.53 

Na 2 0 

1.43 

1.91 

2.05 

1.86 

1.82 

K 2 0 

0.64 

0.56 

0.65 

0.58 

0.69 

P 2 0 5 

0.09 

0.12 

0.18 

0.2 

0.19 

Cr 2 0 3 

0.07 

0.13 

0.14 

0.1 



OKOHnaHHe TaOjiHubi 3.1 


HopM/IbCK 1 

MHKHaHTAHHCKHM 

"CpeAHMM Tpann" 

Hmwhhh 

03 

Q. 

0 

r -22 

cpeAHee 

(54 CKB.) 

Mfl-48 



6 

7 

8 

9 

10 

11 

47.16 

46.19 

47.71 

49.43 

49.6 

53.4 

0.79 

0.74 

0.91 

1.51 

1.33 

0.82 

15.36 

15.53 

13.3 

15.67 

16.4 

16.9 

12.17 

13.44 

12.66 

12.88 

12 

8.75 

0.2 

0.15 

0.18 

0.19 

0.22 

0.1 

12.04 

11.36 

13.42 

6.31 

8.72 

7.24 

10.6 

10.33 

9.47 

10.91 

10.1 

9.59 

0.97 

1.32 

1.79 

2.22 

1.43 

2.65 

0.39 

0.69 

0.45 

0.75 

0.17 

0.61 

0.09 

0.25 

0.1 

0.13 


0.1 

0.23 



































ripHNienaiiHe. CpezweBiBemennbie cocTaBbi paccHHTaubi no ziannbiM: 1 - neonyojiHKOBannbie 
ziannbie aBTopa; 2 - Czamanske. Zen'ko. 1994; 3.5 - KpnBOJiyuKaa n zip., 2001 1 ; 4 - 
^iienpoBCKaa n zip., 1987; 6 - KpHBOJiyuKaa, PyziaKOBa. 2009; 7 - rozuieBCKHH, 1959; 8 - 
KpHBOJiymcaH h zip., 2009; 9 - Kvtojihh, 1972; 10 - Rudnick, Fountain D.M., 1995; 11 - 
Rudnick, Gao, 2003. 

ypana). FteoTonHbie xapajcrepncrnKn py/toHOCHbix HHTpy3HBOB ( 87 Sr/ 86 Sr = 0.705-0,706 n eNd 
= -2) TaK>Ke cooTBeTCTByiOT HHHCHeKopoBbiM. TaKHM o6pa30M, no cocTaBy nopozibi nn>Knen 
Kopbi Biiojnie BepoflTHbi b KanecTBe HCTOHiiHKa HopnjibCKHx \iarM. OcraeTca OTKpbiTbiM Bonpoc 
o bo3mo>khocth ee nnaBjieHHa. 


l aojinua 3.2. CpcziHCBiBcuicHHbie coflepacaHHfl pcziKnx ojicmchtob b viaccnBax HopHJibCKoro 
panona n b hh>kh6h Kope (ppm) 


Maccne 

Xapae/iax 

Ta/max 

Hopn/ibK 1 

MnKHaHTAnHCKun 

HnwHflfl 

CKBawnHa 

TT-21 

oyr -2 

r -22 

MA-48 

Kopa 

B^eMeHT, 

r/r 

1 

2 

3 

4 

5 

Rb 

23 

20 

18 

9 

11 

Ba 

134 

222 

100 

111 

259 

Th 

1.29 

1.16 

0.93 

0.84 

1.2 

U 

0.50 

0.47 

0.35 

0.31 

0.2 

Nb 

4.32 

3.77 

3.65 

3.39 

5 

La 

6.37 

7.29 

4.97 

6.42 

8 

Ce 

14.6 

16.5 

11.9 

14.3 

20 

Pr 

1.87 

2.28 

1.57 

1.96 

2.4 

Nd 

8.39 

10.22 

7.29 

9.35 

11 

Sr 

224 

262 

259 

212 

348 

Sm 

2.12 

2.66 

2.05 

2.61 

2.8 

Zr 

64 

77 

59 

69 

68 

Hf 

1.65 

2.11 

1.55 

1.83 

1.9 

Eu 

0.79 

0.99 

0.71 

0.88 

1.1 

Ti 

4065 

6404 

4220 

5686 

4916 

Gd 

2.38 

3.64 

2.40 

3.27 

3.1 

Tb 

0.41 

0.60 

0.41 

0.54 

0.48 

Dy 

2.72 

3.85 

2.81 

3.69 

3.1 

Ho 

0.62 

0.82 

0.64 

0.77 

0.68 

Y 

18 

23 

19 

21 

16 

Er 

1.66 

2.29 

1.72 

2.23 

1.9 

Tm 

0.25 

0.34 

0.26 

0.32 

0.24 

Yb 

1.58 

2.15 

1.63 

2.19 

1.5 

Lu 

0.24 

0.33 

0.24 

0.32 

0.25 


























ripHNienaiiHe. Coaep>tcaHHfl 3 JieMenTOB paccHHTaHbi no: 1-2 - neonySnHKOBannbie aannbie 
aBTopa, 3 - KpnBo.iyuKafl. PyaaKOBa. 2009 ; 4 - KpnBOJiyuKaa h ap.. 2009 ; 5 - Rudnick.Gao, 
2003 . 


Mohcho npeanojio>KHTb aBa BapnaHTa: 1 ) noa aencTBHCM naiOMa. 2 ) b pe 3 yjibTaTe noKa hc 
H 3 yneHHbix npoueccoB. 


100 


tnoo/^ 


10 


nop / ElM 



MHKHaHTAHHCKUM 

HopM/lbCK 1 
Ta/iHaxcKMM 
Xapae/iaxcKMM 

Hn>KHflfl KOpa (Rudnick&Gao, 2003) 


—i- 1 -1- 1 - 1 -1-1- 1 -1-1-1-1-1-1-1-1-1- 1 -1- 1 -1- 1 - 1 - 

Rb Ba Th U Nb La Ce Pr Nd Sr Sm Zr Hf Eu Ti Gd Tb Dy Ho Y Er Tm Yb Lu 


Phc. 3.1. Cneicrpbi pacnpeaeaemiH peaxnx ajieMeiiTOB b pyaonociibix mrrpy3HBax h 

nopoaax Kopbi 

B nacTHOCTH, b nocaeaHHe roabi c noMoiiibio coBpevieHHbix reo(|)H3HMecKnx MCToaoB 
o6napy>Keno cjio>Knoe crpoeime rpanniibi Moxo (M) noa KoiirnneirraMH. Ona xapaKrepMsyercfl 

TOHKOH paCCJlOCHHOCTbK) (MOLUHOCTb OTaeJIbHbIX C.IOCB - ncpBbie KHJlOMCTpbl). [IpH 3TOM 

nepexoa ot Kopbi k \iaiiTHH ooycaoBnen ne CNienon cocTaBa nopoa. a hx peojiorHnecKHMH 
CBOHCTBBMH, COIViaCHO MeTOaa.M aOKpHTHHeCKHX 0*rpa>KeHHblX BOJIH H rayOHHHOm 
cencMnnecKoro ionanpoBaiiHa (HaBJieiiKOBa. 2006 ). Kpo\ie Toro, rpaBHTaunonnbie MeToabi 
cBnacTcabCTByioT o tom. mto H\ieHHo Ha rpaHHue M. a hc b noaomBe acTCHoc(j)cpbi, 
Ha6jiioaaerc« H30CTa3H i iecKaa ypaBHOBemeHHocTb xopw. 3ro eme pa3 noarBep>KaaeT najiHMHe 
peojiorHMCCKH ocaaoaeHHbix cnoeB. no KOTopbiM bo3mo>kho tchchhc MaTepnaaa. EojibiiwHCTBO 
nccaeaoBarejieH na6jiioaae\ibie xapaicrepHCTH kh nopoa oo-bacnfliOT hx ocoobiM coctomiihcm, 
oSycaoBaeHHbiM noBbiuieHHon <J)jiK)HaoHacbiLueHHocTbio (JIookobckhh h ap., 2004 ). 


Pojib (JwnoHtfOB b KopoBbix h MaHTHHHbix npoueccax noziHepKHBajiacb eme JI.J1. 
llepnyKOM (1973). B xanecTBe maBHoro MexanH3Ma njiaBnenna BemecTBa oh paccMaipHBaji 
hmchho oooramcHHOCTb (J)jiK)H^aMH onpe^ejieHHbix oojiacTen. B nocjieuHne roubi 3TOT 
npouecc nacTO CBa3biBaioT c nyjibcaunoHHbiM iipohhkhobchhcm b jiHTOC(j)epy, b tom HHCJie h b 
HH>KHIOIO Kopy, JieTJHHX KOMnOHCHTOB H3 MaHTHHHbix n.HOMOB. B pe3yJlbTaTe (j)H3HKO- 
XHMHHeCKOrO B3aHMOUeHTCBHH (|)JHOHUOB C nopOjaMH (CMaHHBaHHH, aACOpOUHH, XeMOCOpGuHH) 
MoryT MeHHTbCJi npouHocTHbie h peojiorHHecKHe cbohctbu nocjieuHnx (b tom HHCJie h 
TpaHcnopTHpyfomHe napaMeTpbi 3a cueT chhwchhh cboGouhoh noBepxHOCTHon 3HeprnH 
TBepziOH (j>a 3 bi - 3(|)(|)eKT Peonnuepa; TpacKHH, CxBopuoBa. 2006). hto mohcct cnocoScTBOBaTb 
pe3KOMy HaKoiuieHHK) jieTyHHX h npnBO/wTb k iijiaB.ieHHK) BemecTBa Kopbi. 

O^hhm Hi bo3mohchwx M6xaHH3MOB oopaTOBanna MarMaTHHecKHX onaroB b ripeuenax 
HHHCHCH Kopbi TBK>KC aBJiaCTCa npOUCCC aH^CpnjieHTHHra - nO^CJiaHBaHHH 3CMHOH KOpbl 
MaHTHHHbIM METCpHaJlOM - 3a CHd npOHHKHOBCHHB OaiaJIbTOBblX Mai' M B HH>KHK)K> HaCTb KOpbl 
H CII 0 C 06 h 0 P 0 CJiy>KHTb ;iOIIOJlHH reJlbHbIM HCTOHHHKOM TdlJia /Uia HJiaBJieHHfl nopOA. 

TaKMM oGpaiOM, coneTaHHe paaa (|)aicropoB: oaniKoe k paciuiaBaeimoMy cocToanne 
BemecTBa, npoHHKHOBCHHe (Juhoh/iob h MarM H3 nouHHMaiomeroca MaHTHfinoro njiioMa, pocT 
HanpaweHHH b jiHTOC^epe, Bbi3BaHHbifl ero noabeMOM (b tom mhcjic h hciiocpc/ictbchho k 
rpailHHC Moxo), MoryT npHBOAHTb K (|)OpMHpOBaHHK) npOT»yKCHHbIX HO JiaTepaJlH (b cothh 
KH jioMe rpoB. kbk ycranoBjicno cencMHHecKHMH h cc JieaoBa n h a m h ) ropH30HTajibHbix onaroB 
GaiajibTOBoro MarMaTH3Ma b hhhchch nacTH KOHTHiieiiTajibHOH Kopbi b ocjiaSjienHbix 3onax. 
O/maKO pa3pa6oTKa MexaHH3Ma nnaBjicHna TpeoyeT cneunaJibHbix HccjieaoBaHHH, Bbixoaamnx 
3a paMKH /jaHHoii paGoxbi. 

rijiaBjICHHC HH'/KHCH KOpbl OOJiee JlOrHHHO. HeM npouecc aCCHMHJiaUHH KOpOBbIM 
MarepnajioM MaHTHHHbix MarM, o6i>acnaeT caeayiomne reoaoiHHecKne (j)aicrbi. 

1. rioaBJieHne ozmopouHbix noTOKOB aaB Ha orpoMHbix TeppHTopnax (nanpHMep, 
Ha/iaancKHH noxpoB ToaenTOBbix nnarHonop(|)HpoBbix 6a3ajibTOB b BepxHen nacTH 
MopoHroBCKOH CBHTbi, c naomaabio 48 000 km 2 (CrapoceabueB. 1989)). nocKoabxy MaciUTa6bi 
KOHTaMHuauHH b npnpoue uo chx nop He onpeaeaenbi: ne npoBoanaacb ouenxa h nepnoua 
BpcMeHH, neooxoaHMoro aaa yHH<j)HKauHH bccx xapaicrepHCTHK BHOBb noayneHHoro pacnjiaBa 
b pe3VJibTaTe B3aHMoaencTBHa ero c BMemaiomHMH nopoaaMH hjih npn CMemeHHH paiHbix 
pacnjiaBOB. Bo3MoaceH an Taxon npouecc npn oTMenaiomeHca mhothmh aBTopaMH bhcokoh 
CKO pOCTH 06pa30BaHHH Been Ty(j)0-aaBOBOH TOJimH CnOHpCKOH IIJiaT(|)OpMbI? 

2. OTcyTCTBne cyab(})HU0B b 6a3ajibTax Bcex cbht. Hpn o6meM yHH^HunpoBaHHOM 
MexaHHSMe KOHTaMHHaunn MaHTHHHbix MarM, npHBoaaiueM k noaB.ieHHK) cyjib(j)naoB, nacTb 



hx, necOMHeHHO BbiHOCHnacb 6bi na noBepxHOCTb. M b pa;ie cjiynaeB Mbi hmcjih 6bi ecjiH ne 
MecropojKaeHHH. to 30Hbi MHHepaiiH3annn hjih npocro JiaBbi. ooorauiennbie cyju><j)HAaMH. TeM 
ne MeHee, ByKaHoreHHbie nopoAbi «cxepHJibHbi» b oxHomeHHH cyabijjHAHbix MHHepajioB, 
coflepxoHHa h pa3Mepbi hx xpaiiHe M&Tbi. 

3. Ecjih 6bi ripouecc KOHTaMHHauHH xopoBoro MaTepHaaa MarMaMH 6bui uiHpoKO 
pacnpocrpaHeH, to Mbi hmcjih xoth 6bi pe.xKHe pyAonpoHBAeHHS. Mecropo>K;ieHH5i b pa3Hbix 
oQjiacxHX C'HOHpcKOH njiaTcjiopMbi, Te\i 6ojiee, hto MHoroHHCJiemibie chjiw AoaepHTOB na ee 
lore cocTaBJiaiOT ao 50 % o6be\ia MaraaTHHecKHX oopaxoBaiiHH, h b GojibiuoM kojihhcctbc 
Bbixo^JiT Ha noBepxHOCTb, hto cymecTBeHHo oSaernaeT BbiflBJieHHe MecropowAeHHH no 
epaBHCHHK) c ceBcpHOH HacTbio njiaTtjjopMbi. OaHaxo ao chx nop cyjib(j)HaHbie pyabi Tavi He 
o6napy>KeHbi. 

H iGHpaTenbiiaa pyAonocnocTb onpeaejieHHbix 30 H tcmhoh xopbi onpe^ejiaeTCH oco6mm 
HX CTpOCHHeM H paTBHTHCM. Bo3HHKHOBCHHe yHHK3AbHbIX MeCTOpO>KACHHH B 3TOM CJiyHae 
mo>kho HHTepnpeTHpoBaTb xax njiaBjieHHe vtkc ooorameHnoro cyabijiHAaMH cyocTpaTa, 
naKoiuieuHe MerajuiOB b xoropoM cxopee Bcero iipoHcxo;iHJio b HecKOJibKO cra;iHH (pnc. 3.2, 
3.3), BKJHOHaiomHX (I) xax nepBHHHoe hx oGpaxoBaiiHe h B03MO>Kiioe KOHneinpHpoBaHHe iio/i 
aeticTBHeM MeTaMop(|)H'iecKHX npoueccoB b AAHTeabHO paTBHBaiouiHxcs pHijiTOBbix CTpyKxypax 
B AOMC3030HCKOe BpeMH, HTO OTMeHaJIOCb MHOTHMH HCCAeAOBaTCAflMH (,fl,10>KHK0B, 2002; 

ropOyiiOB h Ap., 2011: .Qoahh h Ap., 2011, riexpoB h Ap.. 2011), (II) Tax mo6hah33hhio h 
T pancnoprHpoBKy pacruiaBaMH b paimeMexoTOHCKyio anoxy. OTcyTCTBHe BxaHMOCBjnn 
reoxHMHnecKHx xapaKTcpncTHK pacnjiaBOB c opyAeHCHHCM MoweT oObaewiTbCfl 
npeHMyuiecTBeHHO TpaHcnopmpyiouieH poabio MarM. Bo3MO>KHOCTb rpaHcnopTHpoBKH 
6ojibiiiHX oSteMOB (ao 10%) cynbijiHAHoro pacnaaBa b bhac mcjikhx xaneab pacnaaBaMH 6biJia 
ripo/ieMOHCxpHpoBana 3KcnepHMeHTajibHO (JlHxaneB. 1987). 

IIpH 3tom Ba>KHyio pojib b HaKonjieHHH 3111" b pyAax Morjia HMeTb AAHTeabHocTb nyra 
cyjib(J)HaoB ot HCTOHHHKa ao xaMepbi KpHCTanAH3auHH (6ojiee 40 km), bo bpcmji Koroporo 
6ojiee 3(|)(|)emHBHO AencTBOBan MexaHH3M hx oSorameHHa naaxHHOHAaMH, npeAJioweHHbiH A. 
HajiApenoM (1992), new ripH hx oOpaaoBaiiHH h nepeMemenHH TOAbKo b ycaoBHax 
njiaT(j)opMeHHoro nexaa (1-2 km). BnoaHe BepoHTHo. hto hmchho 3thm cjiaKTopoM oObHCHsieTCH 
Bbicoxaa naaTHHOHOCHOCTb HopnabCKHX pya OTHOCHTeabHO pya Apyrnx Cu-Ni m ecxopo^KAe hhh 
MH pa, accouHnp)TomHX c PR MaccHBaMH b (jiyH.xaMeHTe naaT(j)opM. Taioice cymecTByeT 
BepoarHOCTb nepBHHHoro ooorameHHa hctohhhk3 njiaBaeHHH naaTHHOBbiMH h UBeTHbiMH 
MeTanaaMH, nocKoabKy b (jmiaaMeHTe riaaKjiopMbi h hhachhx caoax nexaa cymecTByioT 
CTpaTH(|)OpMHbie MeCTOpO)KACHH3 Me#H H IIA3THHOHAOB. 



EHMceM-XaiaHrcKMM 

nporn6 


HopM/lbCKO- 

MrapCKan 

CTpyKTypa 



XamaMCKO- 

Pb.6HMHCKMM Ban 3.^aJIbHeHLIiee pa3BHTHe 


H(])TOBOH CHCTCMbI H 


vcHjieHHe 


ieTa\iop(J)HHecKHX 


npOUCCCOB. BHe,apCHHC 


HOBbIX 


-lbTpa6a3HTOBbIX 


KOMIUieKCOB B 3TOH 3one 



2.06pa30BaHHe 
oca^oHHoro nexjia, 

TaJIOKCHHC pH(|)TOBOM 
CHCTCMbI, MCT3MOp(|)H3M 
nopOA Kopbi c 
iiepeoTJicmeimeM 
cyjib(|)H;inoro BemecTBa 

B BH^C >KHJ1 


\0 



I.Bhc^pchhc 

yji bTpaoa3 h T-6a3 h to b bi x 

HHTpV3HBOB C 

pacceaHHOH 
MHHCpaJlH3amiCH B 
apXCHCKOC OCHOBaHHC 
n^ai(|)opMbi 


PhC. 3.1. ricpBafl ( < H0Me3030HCKa5l) CTaOTa pa3BHTHH pCTHOHa 



4. AKTHBHoe njiaBJieHHe hhhchch 30hbi 
Kopbi, co^epyKameS cyjib(j)H,abi, 

HacbimeHHe oopaiyioiunxca \iar\i hmh, 
rpaHCIIOpTHpOBKa CyjIb(})H^HOH 5KHAKOCTH 
b KanejibHOM BH^e k noBepxHocTH. 
JIoKajiH3auHfl pacnjiaBOB. coaepacamnx 
>KH^KHe cy,ib4)Hiibi. npeHMymecTBeHHO b 
reppnreHHbix nopoaax, no jx 6a3ajibTaMH 
(Ha rjiy6HHe 1-3 km ot noBepxHocTH). 
Ouio^ceHne cyjib(J)H^OB h hx 
KpHCTaJIJlH3aUHfl 

3. B 03 HHKHOBeHHe Hapjmy C pH(j)TOBbIMH 
CTpyKTypaM h «pacceannoro pM(|)rHiira» - 
cem TpeinHH no Bcefl rurr(|)opMe, 
npOHHKaiOUIHX B HH/KHHC naCTH Kopbi. 
GpaiOBaiiHe OAnoBpeMennoe 

nn>KHeHa;ie>K;iHHCKHX ry(|)OB iia 3 ana;ie h 
T yKJIOHCKHX 6 a 3 ajlbTOB Ha BOCTOKC. 

jlaibHenuiee h 3 J 1 H 5 hihc jibb na boctokc 

TCppHTOpHH H HX paCIipOCipaHCHHC Ha 

3ana^. 

2 . Poct Hanp»>KeHHH, ^octhwchhc 
K pynHbIMH pa 3 J 10 MaMH oGiiaCTH MBHTHH, 
oopajoBaime aeKOMripeccnomibix onaroB h 
H 3 JIHHHHC ryilHHXHHCKHX Mai M. 


1 .AicrHBH 3 anH>i iipeBiinx reicroHMHecKHX 
HapymeHHH h najieopH(j)TOBOH CTpyKTypbi. 
BKjnonaiomeH I lopHjibCKo-HrapKyio h 

EHHceH-XaTaHrcKyio 30 Hbi. 

Bneapenne cyomejioHHbix 6a3ajibroB 

HBaKHHCKOH H CbIBepMHHCKOH CBHT. 

Bo 3 mo>kho. non flencTBHeM runoMa hjih 
/ ipyrwx MexaHH 3 MOB. 


Phc. 3.3. Biopaa (paHHeMe3030HCKaa) CTa^HH pa3BHTHfl HopnjibCKoro pernoHa 


Bo3 < aeflCTBHe n;noMa. t3khm o6pa30M, na (JjopMHpoBaiiHe ByjiKano-njivTo iihhockoh 
tojiluh Morjio HMeTb oi iocpe.no BaHH bin xapaKTep. Ero nom>eM BbBBaji pocr Haiip*DKeHHH b 
3eMHOH Kope, peajiH3auHH KOTopbix npuBe.ia k o6pa30BaHHio Kpynnbix CTpyKTyp pacTJDKeHHfl - 
CHa^ajia KOHucHTpHpoBaHHbix (b bh^c najieopH(j)TOB. HanpHNiep. EHHceH-XaHTancKoro 
nporH6a). a 3are\i pacceaHHbix b BHne CHCTeMbi KpyiiHbix TeicroHHHecKHx HapyuieHHH. 
pa3BHTbix Ha Bcefi ruiaT(j)opMe. HaMaibHbiR 3Tan nonHHTHH runoMa coripOBOK^ajica h3jihhhhcm 
cyoLuejioMiibix, a iaTeivi riHKpHTOHnHbix MarM MaHTHHHoro npoHCxo^neima. Ha KpbuibHx 
ynoMHHyToro pH(j)Ta ycTaHaBJiHBaioTCfl h HHTpy3HBHbie aHajiorH >Ka3aHHbix MarM (Kai< b 
npenenax *o>KHoro TaFiMbipa. TaK h b HopH.ibCKOM pafioHe). no cbohm i eox h m h i iec k hm 
napaMCTpa.M ByjiKaHHTbi rynMHXHHCKofi 6jih3KH npHHUHnnanbHO 0TJiH i iaioTca ot ocTajibHbix 
npoAyKTOB rpaimoBoro \iar\iaTH3Ma: ohm oo.ianaior iiOBbiinemibiM OTHomeHHeM (Gd/Yb)n >2, 
nOHH>KeHHbIMH 3Ha i ieiIHflMH ^Sr^Sr (0.703) h nojio)KHTe.ibiibiMn 3naHenHfl\iH eNd ( +5) n ap. 

Ochobhoh 3Tan vtarMaTimta Hanaacs c oOuinpHon 3Kcnao3HBHon aeaTeabHOCTH, 
oxBaTHBiucfi bcio BocTOMHo-CH6HpcKyK) naanjiopMy nocae onpeaeaemioro ncpcpbiBa bo 
B peMCHH. B panneHa;ie>K,3HHCKoe Bpe.via upaiciHMecKHH o;iHOBpe.\ieHHo c(|)opMnpoBa.incb ana 
neiirpa ByjiKaiiH3Ma: iia ceBepo-aariaae iiaKaiuiHBa-iHCb 6a3aabTbi naae>KaHncKOH cbm™, a na 
boctokc TcppmopHH nanaaocb Haananne TyKJioHCKHX JiaB. B nenTpaabHon MacTH. b npeaeaax 
Xainatic ko-P bi 611 ii 11 c ko ro Bajia. iiaoaioaaercH MepeaoBanne othx oSpaaoBanHH. Cyaa no 
cocTaBy nopoa, oncHb 6an3Knx no cbohm xapaicrepHCTHKaM k cpeaHC- h HHWHCKopoBbiM, 
CHCTeMa pa3aoMOB 6biaa omocHreabiio nerayOoKon. /(aiee npoHcxoanao rijiaBjieime 
orpOMHbix Macc MarepHaaa, aaBmnx nopoabi MoponroBCKon-caMoeacKon cepnii. 

MHTpy3HBbi HopnabCKoro KOMnaenca, o6pa30BaHHbie H3 MarM noBbiiHCHHon 
Marne3HaabnocTH (ao 12 Mac. % MgO). bcpohtho. npeacTaBaaioT co6oh caMbie no3aHHe 
npoHBaeHHH 3Toio HHKaa Mai MaTHMecKOH aeareabHOCTH. riaaBacHne cyScrpaia hh>khch Kopw 
Morao conpoBOwaarbca naaBaenneM cyab(j)HaoB. npHcyTCTBOBaBinnx b apeBimx 
MecTopo>i<acHH!ix. ()6oramcHHocTb hmchho 3Toro 6aoKa xopbi 3cmhoh xopbi cyab(|)naaMH 
KOCBCHHO noaTBCp>KaaCTC5l TeM, HTO B KWKHbIX MaCTflX naaT(j)OpMbl HHTpy3HBbl He HecyT 
opyaeHeHHa. KpHcraaaH3anHH pyaoHOCHbix MarM Hanaaacb npn hx aBHweHHH k iio BepxHoerH, 
a 3aKOHHHaacb b KaMepax. bo3hhkuihx npenMyinecTBeiiHo b ocaaonnbix nopoaax aeBona KaK 
HaHQoaee OaaronpnaTHbix b anToaornnecKOM OTHOiueHnn aaa BHeapHBLUHXca pacnaaBOB. 
Oca>i<aeHHe Bcero oobCMa cyabcjinaoB npon3omao Ha MecTe CTaHOBaeiina HHrpy3HBOB (phc. 
3.2. 3.3). 



BblBO^bl 

l.PyaoHOCHbie HHTpy*3HBbi He HMeioT KOMarMaTHHHbix o6pa30BaHHH cpejxH nopo;x Ty(J)o- 
JiaBOBOH TOJIIUH. OHH 6bIJlH OOpa30BaHbI B pC3yjIbTaTe CaMOCTOHTCJIbHOrO MarMaTHHCCKOrO 
3Tana. 2. KpHCTajuw3auHfl hhtp>'3hbob ocymecTBjiajiacb H3 ToneHTOBbix pacnjiaBOB 
nOBblUieHHOH MarHe3HaJIbHOCTH H meJIOHHOCTH, B XO^e KpHCTaJlJlH3aiXHOHHOH 
^HclKljepemiHauHH b py/xonociibix HHTpy3HBax npoHcxo.zxH.io inaHHTejibiioe naKoruieime 
pezxKHX 3jie\ieHT0B b ojiHBHHax. 3. OjHonjXHbiH pe>KHM TpannoBoro Mar\iaTH3Ma He hmcji 
aHOMajibHbix nepT: cocTaB (|)jiK>H^a 6 wji Bo/XHO-ymeKHC-ibiM: pacnjiaBbi, c(|)opMHpoBaBiiiHe 
pyzxoHocHbie h 6c3py;xHbie \iaccHBbi 6buin 6 jih3kh no KOHixeHTpaixHflM jieTyMHx komhohchtob 
(boam, xjiopa. (jriopa) h xapaicrepH30Ba;iHCb hh3khmh hx 3HaneHH«MH. 4. AccHMHjnniHOHHbie 
ripoixeccbi lie nrp&riH cymecTBeimoH pojin b oopa30BaiiHH py^Hbix MecTopo/K^eimH. 5. 
HnaBUblM HCTOHHHKOM pacnJiaBOB C-iy>KH-lH nopo^bl HH/KHCH KOpbl. 
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